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Superintendent  and  General  Man- 
ager, Octagon  Insulator  and 
Ceramic  Company 

Professor  Ceramic  Engineering. 
Iowa  State  College 

Superintendent,  The  O.  W.  Ketcham 
Terra  Cotta  Co 

Geological   Survey  of  Ohio 

Assistant.  General  Manager,  Tren- 
ton  Potteries  Company 

Chief  Einginecr,  Ceramic  Research 
Station,   U.    S.   Bureau   of   Mines 

Guernsey  Eartlienware  Company 

Secretary  and  Treasurer,  Beaver 
Falls   Art  Tile   Company 
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Walker,  Francis  W.,  Jr.,  B.S.,   (in  Superintendent,     Beaver    Falls    Art 


Cer.) 
llcavcr   I'alls,   Pa. 

Ward,  J.  W., 

628  E.   Main   St.,   Latrobc,  Pa. 

Watts,  Arthur  S., 

Columbus,   Ohio 

*Weelans,  Charles, 

Trenton,    N.  J. 
Whkeler,    Herbert    A.,    E.M., 

4(18   Locust  St.,  St.   Louis,   Mo. 

Williams,  Arthl'r  E., 

4()th  and   liutlcr  Sts..   Pittsburgh,   Pa. 

Williams,  Ira  A.,   .M.Sc, 

Corvallis,    Oregon 


Tile  Company 

General   Superintendent,   Pittsburgh 

High   Voltage   Company 
Professor      Ceramic      Engineering, 

Ohio  State  University 


Consulting  Engineer,  Mining,  Metal- 
lurgical and   Ceramic  Work 
United  States  Bureau  of  Standards 

Professor  Ceramics,  Oregon  School 
of  Mines,  Ceramist,  State  Bureau 
of  Mines  and  Geology 


FOREIGN  ASSOCIATE  MEMBERS 


Aver,  Kennkth    B.,   B..-\.,   B.Sc, 
Fort   William,    Ontario,   Canada, 

Barrett,  Maurice, 

93  Clarendon  Road.  Leeds.  England 

Carter,  Owen, 

'"Wykeham,"    Poole,    England 

Cluxton,  W.  Harold, 

Peterborough,   Ontario,  Canada. 

Cobb,  John  W., 

Leeds,    Yorkshire.    England 

Coulter,  Allen  S.,  Cr.E., 

Reisholz    bei    Dusseldorf,    Germany 

Cronquist,  Gu.stav  Werneisson,  C.E 

Torekow,   Sweden 


D.wis,  N.  B.,  B.Sc,  M.A., 


Ont 


Deb,  Satva  Sundar, 

45  Taugra  Road,  Calcutta,  India 
De  Luze,  Henri, 

Avenue    de    Poitiers.    Limoge.    France 

DoRST,  Ma.x,  M.E., 

Oberlin,    S.    M. ,    Germany. 

Eleod,  Kende, 

Muzeumutca  No.  12,  Kassa,  Hungary. 
•  Died    Dec.    12th,   1916. 


.Manager.  .Snijcrior  Brick  Company, 

Limited 
Chemical  Engineer 

Carter  Encaustic  Tile  Works 

Superintendent,  Porcelain  Depart- 
ment. Canadian  General  Electric 
Company 

Professor  Fuel  Department,  The 
University 

Deutsche-Carborundum-Werke 

Secretary.  Consulting  Engineer  and 
Editor,  The  Association  of  Swed- 
ish Brick  Industry 

Economic  Geologist 

Manager,    Calcutta    Pottery    Works 

Ingenieur  des  .■\rts  and  Manufact- 
ure, Theodore  Haviland  Porce- 
lain Manufactory 

Representative.  Maschiner  Fabrik 
Dorst 
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MEMBERSHIP    LISTS 


Emery,  George, 

Fourth    Ave.,    \V.,    Hamilton.    Ontaric 
Canada 
Fredriksson,  Nils, 

Svedala.    Sweden 
FujioK.^,  Koji,  Cr.E., 

Kyoto,  Japan 

Gaby,  F.  A.,  B.A.Sc, 

T09     Continental     Life     Bldg..    Torontc 
Ontario.    Canada 

GoDD.\RD,  Walter  T.,  E.E., 

Hamilton,  Canada 

Griffin,  Carl  H., 

Wesseling  Bei   Koeln,    Germany 

Harkort.   Hermann,  Dr.  Inc., 

Driesen.  Ostbahn,  Germany. 

Haviland,  Jean, 

Limoge.  France 

Heinz.  Gustav, 

Nenliaus.    am.    Rwg..    Thuringia.     Ger 
many. 

Hirano,  Kosuke, 

Tokyo,  Japan 
HouRsouRiPE,  Juan,  Cr.E.. 

Lincoln.    F.    C.    O..    Prov.    de    Biieno: 
Ayres,  Argentine  Republic 

King,  Charles  Arthur.  I^I.Sc, 

Near  Leeds,   Yorkshire,   England 

Kitamura,   Yaichiro, 

Tokyo,  Japan 

Knapp,  Ernest  \V.,   B.S..   (in  Cer.) 
162  Fulton   Ave.,   Toronto,   Canada 

KoNDO,  Seiji  Kocakushi, 

Tokio,   Japan 

LuN'DCREN,  Hugo  Johanson, 

Peterborough,   Ontario,   Canada 

LusBY,  ChiARles   a., 

Amherst.    Nova    Scotia 

Marson,  Percival, 

Edinburgh.  Scotland 

Mellor,  J.  W.,  Ph.D., 

19   Villas,    Stoke-on-Trent,    England 

Millar,  John  B., 

Clayburn,  British   Columbia 

MisuMi,  Aizo, 

Tobata,  near  Moji,  Japan 

MoMOKi,  Saburo, 

84    Kobyashi-Cho,    Nagoya,    Japan 

Okura,   Kazuchika,   M.A., 

84    Knbyashi-Cho,    Nagoya,    Japan 


Assistant  Superintendent  Canadian 
Porcelain   Company 

Director  of  Ceramic  School 

Ceramic  Engineer.  Shofu  Procelain 
Manufacturing   Company 

Chief  Engineer,  Hydro-Electric 
Power  Commission 

Canadian    Porcelain    Company 

Care   Deutsche  Norton   Geselschaft, 

M.  V.  H 
Technical    Director.    Steingutfabrik. 

Vordamm 
Technical    Director,    Haviland    and 

Company 


Professor  Ceramic  Department  in 
Higher  Technological  School  of 
Japan 

"Estancia   San  Antonio" 


Technical  Chemist.  Farnay  Iron 
Company 

Chief  of  the  Ceramic  Division  of 
the  Government  Industrial  Labor- 
atory, 

Superintendent  Sun  Brick  Com- 
pany. Limited 

Professor,  Tokio  Higher  Tecnnical 
School 

Superintendent,  The  Canadian  Gen- 
eral Electric  Company 

Secretary-Treasurer,  Am  ih  erst 
Foundry  Company,  Limited 

Edinburgh  and  Leith  Glass  Works, 
W.  Norton  Park 

Instructor  in  Pottery  and  Porcelain, 
\'ictoria  Institute 

Clayburn   Company,  Limited 

Superintendent,   Mikujama   Factory, 

.\sahi  Glass  Company 
Ceramic     Engineer,     Nippon     Toki 

Gomei   Kwaisha 
Directing  Manager  of  Japan  Porce-  . 

lain  Corporation 
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Pike,  Leonard  G.,  M.A., 

Wareham,   Dorsetshire,  England 
Rams  DEN,  Cyril  E., 

Watlaiuls   Ave.,    Wolstanton,    Stoke-oii- 
Trent,  England. 

Sailly,  Paul, 

54   Rue  la  Botie,  Paris,  France 

Se'i.'ivvorth,  W.  E.,  B.S.,  M.E., 

10.S   Bay  St.,  Toronto,  Canada 

Shanks,  Douglas, 

Barrhead,  near  Glasgow,  Scotland 

Shanks,  John  Arthur  Gordon, 

Barrhead,  near  Glasgow,  Scotland 
SOMMERSCHUH,   EmIL, 

Rakonitz,  Bohemia,  Austria. 

Sweet,  George  A.,  F.G.S., 

"The       Close,"      Brunswick,       Victoria. 
Australia 

Thomas.   Ch.arles    William, 

Clifton     House,     Old     Swinford     Stour- 
bridge.   England 

Turner,  William   Ernest  Stephe.v, 
B.Sc.  ,M.Sc., 

The   University,    Sheffield.    England 

Umeda,  Otocoro, 

Shinagawa,   Tokyo,   Japan 

ViLLALTA,  John  F.  R., 

Barcelona,   Spain 
Walker,  Edgar  E.. 

Mitcham,    \'ictoria.    Australia 


Managing      Partner,      Pike's     Clay 

Mines 
Technical  Chemist 


Manager,      Campagnie      General 

d'Electricite 
Consulting    Engineer,    Pennsylvania 

Feldspar  Company 
Manager.     Shanks     and     Company, 

Limited,   Victorian   Pottery 
Shanks     and     Company,     Limited, 

Sanitary   Engineers 
General       Director,       Liechtenstein 

Stoneware  Factory 
Proprietor  of  the  Brunswick  Brick, 

Tile  and  Pottery  Works 

Major 


Director      of      Department,      Glass 
Technology 

Engineer,    Shinagawa    Hakurengwa 

Kwaisha 
Agent    American    Clay    Machinery 

Company 
Managing  Director  Australian  Tes- 

selated  Tile  Company 


RESIDENT  ASSOCIATE    MEMBERS 


AcHESON,  Edward  Goodrich, 

Niagara    Falls,    N.    Y. 
Allen,    Francis    Boutelle,    Cr.E.. 

Woodbridge,   N.  J. 
Anderson,    Robert    Elmer,    Cr.E.. 

402   W.    Boylston   St.,   Worcester,   Mass. 

Applegate,  D.  H.,  Jr., 

Red   Bank,   N.  J. 

Arbocust,  Charles  O.,  Cr.E., 

44.T    Plymouth    Court,    Chicago.    111. 

Arnold,  Howard  Clinton,  B.S.,  (in 
Cer.) 
Urbana.    III. 

Ashbaugh,  Charles  C. 

Ea.st   Liverpool.   Ohio 


President.  Acheson   Company 
Federal  Terra  Cotta  Company 
Xorton    Company 
Manager,  Crescent   Brick  Company 

Manager  Service  Department.  Brick 

and  Clay  Record 
Instructor  in  Ceramic  Engineering, 

University  of  Illinois 

Secretary— Treasurer,     West     End 
Pottery  Company 
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!.,  Chief  Engineer,  Ohio  Insulator  Co 


University  of  Pittsburgh 
Manager,   Marblehead   Potterv 


Austin,  Arthur  O..  A.B., 

326    N.    Sixth    St..    Barbcrton.    Ohio 
Avars,  Erling  Eli,  B.Sc,  (in  Cer.),   Alfred  University 
Alfred,    X.    Y. 

Babcock,  Grover,  M.S.,   (in  Cer.), 

Wellsville.   .\.   Y. 

Backer,  H.  Robert, 

Rock   Tavern,    \.   Y. 

Bacon,   Raymond   Foss,   B.S.,   M..A.,  Associate  Director,  Mellon  Institute, 

PH..D., 
Pittsburgh,   Fa. 

Baggs,  Arthur  E., 

Marblehead,    Mass. 

BaIlar,  John  C„  B.S.,  M.A., 

Golden,   Colo. 

Bainbridge.  W.  L.,  B.S., 

.Newark,    Ohio 

Baker,  G.  V., 

Barnard,    N.    Y. 

Balmert,  Richard  M., 

93     E.     Lexington     St..     Baltimore,     M( 

Balz,  George  Adam,  M.E., 

Keasbcy,  N.  .T. 
Barker,  Charles  E., 

Matawan,    N.    .1. 
Bartells,  H.  H., 

Bessemer,-  Lawrence   Co.,    Pa. 

Bartlett,  Edward  E.,  B.Sc, 

Sapulpa.  Oklahoma 

Bassett,  Leon  Burdette, 

9  John   St.,   Worcester.   Mass. 

Bates,  Charles  Emmett, 

542    E.    Grove    St.,    Galesburg,    111. 

Bedson,  William, 

R.     D.     4,     Lawrence     Road.     Trentoi 
N.   .T. 

Bell,  Fred  Smith, 

1318  Wright   Bldg.,   St.   Louis,   Mo. 

Bell,  M.  Llewellyn,  B.S., 

407    Franklin    Ave.,    Wilkinsburg,    Pa. 

Bentley,  Louis  Lees,  M.E., 
Beaver   Falls,   Pa. 

Berry,  Charlfs  W., 

St.   Louis.   Mo. 
Best,  Harold  A., 

Box  36,   Haydenville,    Ohio 

BisH.,  Howard  A., 

Carey,   Ohio 

BissELL,  George  Francis, 
Ottawa,    111. 


Assistant  Professor  of  Chemistry,. 
Colorado  School  of  Mines 

Chemical  Engineer,  American  Bottle 
Company 

Superintendent,  Pennsylvania  Felds- 
par Company 

Chesapeake  Terra  Cotta  Company 

General      Manager,      Didier-March 

Company 
Ceramic  Tile  Manaufacturer 

Bessemer  Limestone  Company 

Bartlett-Collins  Glass  Company 

Ceramic  Engineer,  Norton  Company 

Student  Ceramic  Engineering,  Uni- 
versity of  Illinois 

-Assistant  Manager,  Elite  Pottery 
Company 

Vice    President,    The    Mandle   Clay 

Mining  Company 
Carnegie  Steel  Company,  Braddock, 

Pa. 
Superintendent,      .Armstrong      Cork 

Company 
Chemist,     Laclede-Christy     Clay 

Products    Company 
National    Fireproofing    Company 

-Assistant  Superintendent,  National 
Electric    Porcelain    Company 

Chicago  Retort  and  Fire  Brick 
Company 
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Blackmer,  Edward  Leslie, 
501   Clara  Ave.,  St.   Louis,   Mo. 

Blair,  Marion  W.,  M.E., 
Thornton,  W.  Va. 

Blair,  William   P., 

Cleveland,    Ohio 

Blake,  Alfred  E., 

Pittsburgli,  Pa. 
Blewett,  J.  B.,  Cr.E., 

Wellsville,   Ohio 
Bi.oomfield,  Charles  A., 

Box  e52,  Metuchen,  N.  J. 

Boeck,  Percy  A., 

227th   St.  and  Spuyten  Duwil  Parkway. 
New    York,    N.    Y. 

Booraem,  J.  Francis,  M.E.,  E.E., 

1182   Broadway,    New   York,    N.    Y. 

Booze.  Macdonald  Charles, 

CarroIIton,    Ohio 

Bower,  Henry  L., 

Trenton.    N.   J. 

Bowman,  2nd,  Oliver  Otis, 

Trenton,    N.   J. 

Bowman,  William  J.  J.,  C.E., 
Trenton,    N.   J. 

Bragdon,    William    V.,    B.Sc,    (in 
Cer.), 

2336   San    Pablo    Ave.,   Berkeley,    Calif. 

Brand,  John  Julius  Frederick, 

1317    Camp    St.,    Sandusky,    Ohio 

Brandt,  George  F., 

Box  314,    Minerva,   Ohio 

Bray,  Archie  C,  Cr.E., 

Helena,   Mont. 

Brewster,  Robert, 

2814  Cambridge  Ave.,  Chicago,  111. 

Briggs,  Leonard  S., 

South   River,   N.  J. 
Brockman,  Edward  A., 

192    W.    Clark    St.,    Chicago,    111. 

Brower,  Fred  W.,  Cr.E,, 

Barrington,   R.   I. 

Brown,  Edmund, 

Perrysburg,    Ohio 

Brown,  L.  K, 

Zanesville,    Ohio 

Brown,  Leslie, 

Trenton.    N.   J. 


.Assistant    .Superintendent    Blackmer 

and   Post  Pipe  Company 
Superintendent      Thornton       Fire 

Brick  Company 
Secretary,    Xational    Paving    Brick 

Manufacturers'    Association 
Mellon      Institute,      University      of 

Pittsburgh 
The  McLain  Fire  Brick  Company 

Treasurer,    Bloomficld    Clay    Com- 
pany 
Chemical  Engineer 

Treasurer  and  Manager,  American 
Enameled  Brick  and  Tile  Com- 
pany 

Medal  Paving  Brick  Company 

J.  L  Mott  Company 

Ceramist,    Trenton    Fire    Clay    and 

Porcelain    Company 
Trenton  .Fire    Clay    and    Porcelain 

Company 
The  "Tile  Shop" 


Clay  Shop  Foreman,  Owen  China 
Company 

Assistant  Superintendent,  General 
Ceramic  Work,  Western  Clay 
Manufacturing  Company 

Dental      Porcelain      Manufacturing 

Company 
Xational    Fireproofing   Company 

Salesman.  Rocs.slcr  and  Hasslacher 
Chemical  Company 

Yard  Superintendent,  Harrington 
Steam   Brick   Company 

General  Manager  Edward  Ford 
Plate  Glass  Company 

Vice  President,  The  Burton  Town- 
send  Company 

Ceramist,  Lenox  Incorporated 
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Brown,  Philip  King,  A.B..   M.D.. 


Brown,  R.  E., 

Utica,  111. 
Brown,  Richard  P., 

Wayne    Junction,    Philadelphia,    Pa. 

Brown,  Wilbur  F..  A.B., 

Muncie,   Ind. 

Browning.  T.  S., 

405   E.   .Tohn   St..   Champaign,   111. 

Bruner,  Will.^rd  Lynn, 

196  Water  St.,  Penh  Amboy.   .\.  J. 
Bry.an,  Merrill  L., 

Seattle.    Wash. 

Bucher,  Erm.ane  G.^vlord,  B.S..   (in 
Cer.), 

Y.    M.   C.   A..    Streator,   111. 
Buckner,  O.  S., 


Utica  Fire   Brick  and   Clay  Co 

President,  Brown  Instrutnent  Com- 
pany 

Chemist.  Ball  Brothers  Glass  Manu- 
facturing  Company 

Student.  Ceramic  Engineering,  Uni- 
versity  of    Illinois 

Ceramic  Chemist,  Roessler  and 
Hasslacher   Chemical   Company 

.Superintendent,  Terra  Cotta  De- 
partment. Denny-Renton  Clay  and 
Coal  Company 

Des  Moines  Clay  Company,  Des 
Moines.-Iowa 

The   Xorton   Company 


Burr,  Robert  Brinkerhoff, 

Columbus,   Ohio 
BUTTERWORTH,    Fr.^NK    W., 
Danville,    111. 

Byers,  Louis  L., 

501   E.    Daniel   St..    Champaign.    111. 

Cable,  Davis  A.,  M.E., 

East  Sparta,  Ohio 

Cable,  Margaret  Kelly, 
Grand    Forks,   N.    D. 

Campbell,  A.  R., 

Metuchen.    N.   J. 

Carder,  Frederic  R., 

Corning.    N.    Y. 

Carmen,  Charles   Ford.  C.E., 

Berkeley  Springs,  W.  Va. 

Carrier,  Augustus,  B.S.,   (in  E.E.), 

20  Milwaukee   Ave.,  W.,  Detroit.   Mich. 

Case,  W.  W.,  Jr., 

Denver,    Colo. 
Casey,  Charles  L.,  D.D.S., 

Cambridge,    Ohio 

Cermax,  Frank, 

II6th   4th   Ave.,    Schenectady.    N.   Y. 

Chambers,  A.  Reeder, 

466  Greenwood   Ave. 

Chase,  John  Albion, 

Box   163,   Oak   Park,   III. 


Logan  Natural  Gas  and  Fuel  Com- 
pany 

General  Manager,  Western  Brick 
Company 

Student  in  Ceramic  Engineering, 
University  of  Illinois 

General  Superintendent.  United 
States  Roofing  Tile  Company 

Instructor  in  Ceramics.  College  of 
Mining  Engineering,  University  of 
Xorth  Dakota 

Federal  Terra  Cotta  Company 

Manager      and      Chemist.      Stuben 

Glass  Works 
President,    National    Silica   Works 

Chemist,    Detroit    Dental    Manufac- 
turing Company 
President     and     Manager.     Denver 

Fire  Clay  Company 
President     Guernesy     Earthenware 

Company- 
Foreman,     Porcelain     Works,    Gen- 
eral  Electric    Company 
Fire   Brick   Manufacturer 
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Chase,  March.  F.,  B.Sc, 

Depue,   111. 

Cheney,  M.  B.,  Cr.E., 

Briggsdale,   Ohio 

Child,  J.  L., 

Findlay,  Ohio 

Chormann,  Otto  Irving, 

122  First  St.,   Niagara   Falls,   N.   Y. 

Clare,  Robert  L.,  Cr.E., 

Woodbridge,  N.  J. 

Clark,  Arthur  B.,  M.Ar., 

Stanford   University,    California 
Clark,  Harold  Edward, 

Malvern,   Ohio 

Clark,  John, 

292  Lockwood  St.,  Astoria,  N.   Y. 
Clark,  William  M.,  Ph.B., 

E.   152nd   St..   Cleveland.   Ohio 

Cole,  M.  J., 

Logan,   Ohio 

Conkling,  Samuel  O.. 

Philadelphia,    Pa. 

Cooke,  M.  E., 

1550    Clifton    Ave..    Columbus,    Ohio 

CoVan,  H.  E., 

Cleveland.   Ohio 

Cox,  Harold  Xevvton,  B.Sc, 
Woodhaven,   N'.    Y. 

Cox,  Paul  E.,  B.S.,   (in  Cer.), 

2828   Camp   St.,    New   Orleans,   La. 

Cox,  S.  Frank,  A.B.,  S.M., 

Creighton,   Pa. 

Crawford,  Edward  .Anderson,  B.L., 
Canastota.   R.  D..  New  York 

Crawford,  J.  Lewis, 

601   S.   Fourth   St.,  Champaign,  111. 
Creighton,  Elmer  E.  F.,  B.S.,  E.E. 

27  Wendell   Ave.,   Schenectady,   N.   Y. 

Crew,  Horace  Fleming,  Cr.E., 

East  Chicago,   Ind. 
Cronin,  Willi.\m  Kress, 

320  W.   Fifth   St.,   East  Liverpool,   Ohi( 

Cutting,  J.  Worcester, 

Cambridge,  Mass. 

Danielson,  Ralph  R.wmond,  M.S., 

Des  Plaines,    111. 


General  Superintendent,  Mineral 
Point  Zinc  Company;  Greendale 
Plant 


Hancock  Brick  and  Tile  Company 

Major,  3rd  Xew  York  Infantry 
N.  G. 

Superintendent,  Federal  Terra  Cotta 
Company 

Head  Department  of  Graphic  Arts, 
Leland  Stanford  Junior  Univer- 
sity 

Robinson  Clay  Products  Company 

Superintendent  New  York  Archi- 
tectural Terra  Cotta  Company 

Manager,  Euclid  Glass  Division, 
National  Lamp  W'orks  of  Gen- 
eral  Electric  Company 

Superintendent  and  Treasurer,  The 
Logan  Clay  Products  Company 

Superintendent,  Co  nk  1  i  n  g-.\rm- 
strong  Terra  Cotta  Company 

Studio    for   -Architectural    Sculpture 

Price   Electric   Pyrometer   Company 

Chief  Chemist  and  Division  Super- 
intendent, Lalance  and  Grosjean 
Manufacturing  Company 

Ceramic  Technician,  Newcomb  Pot- 
tery 

Research  Chemist,  Pittsburgh  Plate 
Glass    Company 


Student,  Ceramic  Engineering  Uni- 
versity of  Illinois 

Consulting  Electrical  Engineer, 
General   Electric   Company 

Cerainic  Engineer,  Green  Engineer- 
ing Company 

Standard  Pottery  Company 

Superintendent.    A.    H.    Hews    and 

Company,  Incorporated 
Giemist.  Rays  Enameling  Company 
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Darl!XG,  James, 

P.   O.    Box  300,    Kenova.   W.   Va. 

D.Avis,  John  Boynton,  A.B.,  D.M.D., 

22  E.  Greenwood  Ave.,  Lansdowne,  Pa. 

Dean,  Charles   A.,   Cr.E., 

Worcester,   Mass. 

Deaver,    Alward    Lister,    B.S.,    (in 
Ohem.), 

Akron,    Ohio 

Dickey,  Fred  L.. 

200  New   York  Life  Bldg.,  Kansas  City, 
Mo. 

Dobbins,  T.  Monroe, 

Camden,  N.  J. 
DORNBACH,    \Vm.    E., 

Auburn.    Pa. 

Drakexfeld.  B.  F..  Jr.. 

50  Murray   St..   New   York,   N.   Y. 

Dunn,  Frank  B., 

Conneaut,    Ohio 

Duval,  Alexander  L., 

Washington,  Pa. 
Dyer,  Brainerd,  A.B.,  B.S., 

Cleveland,  Ohio 
Earle,  Robert  Wallace, 

Canal   Dover,   Ohio 

Ebinger,  D.wid  Hugo,  M.E., 

Columbus,    Ohio 
Edgar,  David  Raymond, 
Metuchen,    N.    J. 

Ellerbeck,  Wm.  Leon,  D.D..S.. 

703  Boston   Bldg.,   Salt  Lake  City.  Utah 

Eskesen,  Bennet  K., 

Matawan,  N.  J. 
Eskesen,  Eckardt  V., 

149    Broadway,    New   York,    N.    Y'. 

Evatt,  Frank  G., 

705    Fulton    Bldg.,    Pittsburgh,    Pa. 

Fackt,  George  P., 

Denver,   Colo. 
Falkexburg,  M.  J.,  M.S., 

95  Yesler  Way,  Seattle,  Wash. 

Farren,   Mabel   C, 

303  B  Iroquois  .Aparts.,  3600  Forbes   St., 
Pittsburgh,  Pa. 

Ferguson,  Richard  D., 
1700  E   St.,   Lincoln,   Nebr. 

Fisher,  Douglas  J., 

Sayreville,   N,   J. 


Dentist 

Ceramic    Engineer,    Research    Lab- 
oratories,  Norton   Company 
Robinson  Clay  Products  Company 


General  Manager,  W.  S.  Dickey 
Clay  Manufacturing  Company 

Secretary  and  Treasurer,  Camden 
Pottery  Company 

Superintendent  Auburn  Shale  Brick 
Company 

Treasurer,-  B.  F,  Drakenfeld  and 
Company,   Incorporated 

President  and  Treasurer,  Dunn 
Wire  Cut  Lug  Brick 

Chief  Chemist,  Hazel-Atlas  Glass 
Company 

Head  of  Publicity  Division,  Na- 
tional  Carbon   Company 

Vice  President,  Dover  Manufactur- 
ing Company 

Superintendent,  D.  A.  Ebinger  Sani- 
tary Manufacturing  Company 

Assistant  General  Manager,  Edgar 
Brothers'   Coinpany 

Manager  Nephi  Plaster  and  Manu- 
facturing Company 

Superintendent.  X.  J.  Mosaic  Tile 
Company 

General  Manager,  New  Jersey 
Terra  Cotta  Company 

District  Manager,  Atlantic  Terra 
Cotta  Company 

General  Manager,  Denver  Terra 
Cotta  Company 

Falkenburg  and  Laucks,  Consulting, 
Analytical,  Inspecting  Chemists 
and    Engineers 

Instructor  in  Ceramics,  Carnegie 
Institute  of  Technology 

Treasurer.  Yankee  Hill  Brick  Com- 
pany 
Sayre  and  Fisher  Company 


AMERICAN'    CERAMIC    SOCIETY 


23 


Fisher,  George  P.,  Cr.E., 

Ottawa,    III. 
FOERSTERLING,   HaNS,   Ph.D., 

380  Higli    St.,    I'crth   Amboy,    N.   J. 

Ford,  G.  Bergen,  B.Sc, 

Philadelphia,    Pa. 

Forester,  Herbert, 

Box    37,    Cleveland,    Ohio 

Forst,  Arthur  D.,  B.S., 

Trenton,   N.  J. 

Forst.  Daniel  Parry,  A.B., 

73  N.   Clinton   Ave.,   Trenton,  X.   J. 

Fraser,  W.  B., 

Wilson    Bldg.,    Dallas,    Texas 

Frost,  Leon  James, 

178     Northfield     Ave.,     East     Cleveland. 
Ohio 

Frerichs,  William  D., 

Ill    Broadway,  New  York,   .\.  Y. 

Fuhrmann,  Frank  J., 

1807  College  Ave.,  Des  Moines,  Iowa 

Fuller,  Ralph  L., 

Cleveland,    Ohio 
Fulper,  Wm.  H., 
Flemington,   N.   J. 

Fulton,  Kenneth   I.,  B.S.,   Cr.E., 

316  E.    Main   St.,    Portland.   Ind. 

Galloway,    Walter     B..     B.S.     (in 
Arch.), 

Walnut  and  32nd  St..   Philadelphia,   Pa. 

Garrison,  Amos, 

Pocatello,  Idaho 

Gates,  A.  W., 

Colchester,    111. 

Gates,  Major  E., 

Terra  Cotta,  111. 

Gavin,  Gordon  P., 

524    Riverside    Drive,   Trenton,    N.   J. 

Geiger,  Charles  F., 

219     Lawrence     Ave..     Highland     Park, 
New   Brunswick.    N.   J. 

Gerber,  Albert  C, 

40    Coit    Ave.,    Cleveland,    Ohio 

GiBBS,  Arthur  Edward, 

1006    Widencr    Bldg.,    Philadelphia.    Pa. 

GiLDARD,  Warren  R., 

Creighton,  Pa. 

Gladding,  Augustus  L.,  B.Sc, 

Lincoln.   Calif. 


Xational  Fireproof  Company 

Second  Vice-President.  Roessler- 
Hasslacher  Chemical  Company 

Ceramic  Chemist,  Conkling-Arm- 
strong  Company 

Principal,  Veritas  Firing  System 
Company 

President,  Robertson  Art  Tile  Com- 
pany 

Robertson  Art  Tile  Company 

President,  Fraser  Brick  Company 

Chemist  and  Purchasing  Agent, 
Enamel    Products    Company 

Federal   Terra  Cotta  Company 


Partner,  Harshaw,  Fuller  &  Good- 
win Company 

Secretary  and  Treasurer,  Fulper 
Pottery  Company 

Citizens  Gas  and  Oil  Mining  Com- 
pany 

President.  Galloway  Terra  Cotta 
Company 

Farmers  and  Traders   Bank 

President  and  Treasurer.  Gates  Fire 

Clay  Company 
Superintendent      American      Terra 

Cotta  and  Ceramic  Company 
Monument  Pottery  Company 

Rutgers  College 

Steel  Enameling  Department, 
Cleveland  Metal  Products  Com- 
pany 

Head  of  Research  Department. 
Pennsylvania  Salt  Manufacturing 
Company 

Research  Chemist,  Pittsburgh  Plate 
Glass  Company 

Gladding,  McBean  and  Company 


24 


MEMBERSHIP    LISTS 


Godfrey,  Lyma  B.,  Ph.B., 

Grand-View-on-Hudson,    N.    Y. 

GoLDiNG,  Charles  E., 

Rear  217  S.  Warren  St.,  Trenton,  N.  J. 

Good,  Harry  N.,  Cr.E., 

328   Market   St.,   Clearfield,    Pa. 

Grainer,  John  S., 

TO    Cleveland    St.,    Battle    Creek,    Mich. 

Grant,  DeForest,  B.A., 

111   Broadway,   New   York,   N.   Y. 

Grant,  W.  Henry,  Cr.E., 

119  Maurus  St.,  St.  Marys,  Pa. 

Green,  J.  I..,  C.E., 
St.  Louis,  Mo. 

Greene,  R.  W., 
Mayfield,   Ky. 

Greenes,  George  C,  E.M.,  (in  Cer.), 

Boston,   Mass. 

Gregori,  John  N., 

Chicago,    111. 

Gregory,  M.  E., 

Corning,    N.    Y, 

Gregory,  Morris  C,  Cr.E., 

Corning,    N.    Y. 

Grueby,  William  H., 

Boston,    Mass. 

GuAST.'vviNO,  Rafael,  Jr., 

The   Fuller   Bldg.,   949   Broadway,    New 
York,   N.   Y. 

GuNNiss,  William  Herold, 

Black    Eagle    Club,    Great    Falls,    Mont. 

Haaf,  George, 

1.501   Milton   Ave.,   Soivay,   N.   Y. 
Haeger,  E.  H., 

Dundee.    111. 

Hall,  Herman  A.,  Cr.E., 

Logan,  Ohio 
Hall,  Robert  T., 

East  Liverpool,  Ohio 
Hamilton,  James, 

Trenton.    N.    J. 

Handke,  Paul  Albert, 

260  S.   Academy  St.,   Galesburg,   111. 

Hansen,  Abel, 

Fords,   N.   J. 
Hardy,  Isaac  Ernest, 

Momence,  111. 
Hare,  Robert  L., 

Fulton,    Mo. 


Director,  Glen  Tor  Keramic  Studio 

Manager,  Trenton  Department  of 
Golding  Sons  Company 

Ceramic  Engineer,  Pittsburg  Test- 
ing Laboratory 

Foreman,  A.  B.  Stove  Company 

President  Federal  Terra  Cotta  Com- 
pany 
Elk  Fire  Brick  Company 

President,  LaClede-Christy  Clay 
Products  Company 

General  Manager,  Kentucky  Con- 
struction and  Improvement  Com- 
pany '  ' 

Director  North  Bennett  Street  In- 
dustrial School 

Kiln  Burner,  Northwestern  Terra 
Cotta  Company 

Proprietor,  Corning  Brick,  Terra 
Cotta  and  Tile  Company 

Ceramic  Engineer,  Corning  Brick, 
Terra  Cotta  and  Tile  Company 

President,  General  Manager,  Grueby 
Faience  Company 

President,  The  R.  Guastavino  Conn- 
pany 


General  Foreman,  Pass  and  Seymour 
Incorporated 
Haeger  Brick  and  Tile  Company 

Superintendent,      Hocking      Valley 

Brick  Company 
Secretary      and      Treasurer,      Hall 

China  Company 
Superintendent.     Ideal     Pottery     of 

Trenton  Potteries  Company 
Purington   Paving  Brick  Company 

Proprietor     and     Manager,     Fords 

Terra  Cotta  and  S.  Works 
Superintendent,    Tiffany    Enameled 

Brick  Company 
Superintendent,    Fulton    Fire    Brick 
Company 


AMERICAN    CERAMIC    SOCIETY 


25 


Marker,  H.  N., 

Kast    Liverpool,    Ohio 

Harfer,  John  Lyall, 

Niagara   Falls,   N.   Y. 

Harris,  Charles  T., 

824    Engineers   Bldg.,    Cleveland,   Ohio 

Hasburo,  John   W., 

1119   La  Salle  Ave.,   Chicago,   III. 
Hasslacher,   Jacob, 

100  William  St.,  New  York,  N.  Y. 

Hastings,  Francis  N., 

Hartford,   Conn. 
Heilman,  Karl  John,  B.S., 

Tiffin,  Ohio 

.  Henry,  Arthur  Van,  Cr.E., 

737    Oak   St.,    Cohimhus,    Ohio 

Henry,  Frank  R., 
Dayton,    Ohio 

Hepler,  J.  F., 

Narberth,    Pa. 
Hipp,  Ralph   T., 

Massillon,   Ohio 

Hipp,  William  G., 

Massillon,    Ohio 

HlTCHlNS.   E.    S., 
Olive  Hill,  Ky. 

Hoehn,  John   Fremont.  B.S., 

119  Bridge   St.,   Peoria,   111. 
Hoffman,  George  E., 

Trenton,    N.    J. 

Holmes,  Harold  VV..  B.S.,  in  M.E., 
710   Harwell    lildg.,   Detroit,   Mich. 

Hood,  B.  Mifflin, 

Atlanta,    Georgia 

Horning,  Roy  A.,  B.S., 

Beaver  Falls,  Pa. 
Hornung,  Martin  Robert,  B.S.,   (in 
Cer.), 

Y.   M.   C.   A.,  Wheeling,   W.   Va. 
Hostetler,  Garrison   R., 

Sugar  Creek,  Ohio 
Howe,  Raymond  Millf.r,  B.S., 

165   N.    Craig   St..    Pittsburgh,    Pa. 

Hummeland,  Ralph   W., 

918  W.  Green  St.,   I'rbana.   111. 
Hunt,  F.   Sumner,  B.S.. 

Beaver    Falls,    Pa. 


General  Manager,  Marker  Pottery 
Company 

Chief  Engineer,  Niagara  Falls 
Hydraulic  Power  Company 

Secretary,  Hollow  Building  Tile 
Manufacturers'  Association  o  f 
America 

President,  John  VV  Hasburg  Com- 
pany, Incorporated 

President,  The  Roessler  and  Hass- 
lacher  Cht-rnical  Company 

Hartford   Faience  Company 

Proprietor,  Tiffin  Brick  Company 

Ceramic  Engineer,  Pittsburgh  Test- 
ing Laboratory 

Manager,  Dayton  Grinding  Wheel 
Company 

Chief  Engineer,  General  Refrac- 
tories Company 


Secretary  and  General  Manager, 
Massillon  Stone  and  Fire  Brick 
Company 

General  Manager,  General  Refrac- 
tories Company 

Peoria  Brick  and  Tile  Company 

Secretary,  Monument  Pottery  Com- 
pany 
Puritan  Brick  Company 

President.  Mifflin  Hood  Brick  Com- 
pany 
Chemist,  Armstrong  Cork  Company 


Wheeling  Tile   Company 


Superintendent,  The  Sugar  Creek 
Clay   Products   Company 

Fellow  in  Glass,  Department  of 
Chemistry,  University  of  Pitts- 
burgh 

Student  in  Ceramic  Engineering. 
University  of  Illinois 

Beaver   Falls  Art  Tile  Company 


26 


MEMBERSHIP    LISTS 


Ireland,  Harley  R., 

Brazil.    Ind. 

Irwin,  DeWitt  D., 

East    Liverpool,    Ohio 

Jacobs,   William    McFallix,   Cr.E,. 

Charleroi,   Pa. 

Jacquart,   Charles    Edward,   B.S., 

South    River,    N.   J. 

Jeffery,  Joseph    Arthur,   D.D.S., 

Detroit,  Mich. 

Jenkins,  Newell  Sill,  D.D.S., 

180  Meadow  St.,  New  Haven,  Conn. 
Jensen,  Charles  Henry, 

156  Greene   St.,   Brooklyn,    \.   V. 

Jeppson,  George  N., 

Worcester,    Mass. 

Johnson,   Arthur   August   Victor, 

247    Sheridan    St.,    Zanesville,    Ohio 

Johnston,  Robert  March,  M.E., 

692  Cadillac   .\ve.,   Detroit,    Mich. 

Jones,  Otis  L., 

Oglesby,  111. 

Jones,  Robert  W., 

Albany,  X.  Y. 

Justice,  Ithamar  M., 

Dayton,    Ohio 

Kalbfleisch,  G.  C, 

Tiffin.   Ohio. 

Kanengeiser,  Fred  R., 

Bessemer,   Pa. 
Keehn,  Clarence  C,  B.A., 

Canandaigua,   N.  Y. 

Keeler,  Rufus  B., 

Xational   City,   Calif. 
Keese,  Homer  Goldsmith, 

Litchfield,    111. 

Kendrick,  Lucius  S., 

Williamstown,    Mich. 

Keplinger,  Robert  Barr,  A.B., 

Canton,   Ohio 

Kerr,  \V.\lter  B.,  Ph.B., 

Syracuse,    N.    Y. 

Kirkpatrick,  p.  a.,  M.S.. 

262   Fiske   St..    Pittsburgh,   Pa. 

Klinefelter.  Theron   Albert,  A.B 
Cr.E., 

Box    510,    Derry,    Pa. 


Assistant  Secretary  and  Treasurer, 

Hydraulic  Press  Brick  Company 

Secretary,  Potters  Supply  Company 

Pittsburgh  Plate  Glass  Company 

Ceramist,     .\merican     Enameled 

Brick  Company 
President     and     General     Manager, 

Jeffery-Dewitt  Company 


President,  Empire  China  Works 

Works  Manager,  Norton  Company 

Draughtsman   and    Designer,    L.    E. 
Rogers   Engineering   Company 


President     and     Manager,     Illinois 

Clay  Products  Company 
Economic     Geologist,     New     York 

State  Museum 
\' i  c  e  -  P  r  e  s  ident.    Manufacturers 

Equipment  Company 
Manager,  Standard  Sanitary  Manu- 
facturing Company 
General     Superintendent,     Bessemer 

Limestone  Company 
Secretary    and    Assistant    Manager 

Liske     Manufacturing     Company, 

Limited 


Student,  Ceramic  Engineering,  Uni- 
versity of  Illinois 

Vice-President  and  General  Man- 
ager, Central  Michigan  Clay 
Products  Company 

Assistant  General  Superintendent, 
Metropolitan  Paving  Brick  Com- 
pany 

President,  Iroquois  Cliina  Company 

United  States  Bureau  of  Standards 

Ceramic  Engineer,  Research  Dept., 
Westinghouse  Electric  and  Manu- 
facturing Company 


AMERICAN"    CERAMIC    SOCIETY 


27 


Knight,  Mai'rice  A.,  B.S., 

E.  Akron,   U. 

Knollman,  Harry  J.. 

2727  N.   Park   Ave.,   Philadelphia.   Pa. 

Koch,  Charles  Frederick, 

Cincinnati,   Ohio 

Koch,  Julius  J., 

3326  Carolina   St..   St.   I.ouis.   Mo. 

KoHLER,  Walter  J., 

Kohler,  Wis. 

Kraus,  Charles  Ernest, 

350  87th   St.,    Brooklyn,    X.    Y. 

Keick,  George  M., 

Decatur,    Ind. 

Krieg,  Henry  F.. 

1515    Lumber   E.-cchange    Bldg..    Chicago, 
111. 

Krieg,  William  G.. 

1515   Lumber   Exchange    Bldg.,    Chicago. 


Manufacturer,  Acid  Proof  Chemical 

Stoneware 
.■\brasive  Company 

National  Sales  Company 


111. 
Kruson,  I.  .Andrew,  B.S.Cr., 

Victor,  N.   Y. 

Lambie,  James  M..  B.S., 
Washington.    Pa. 

Landers,  William  Franklin, 
Indianapolis,   Ind. 

Lardin,  R.  H., 

Creighton.    Pa. 

Larkin.  Paul  Gifford,  B.Sc.  Cr.E. 

Denver,   Colo. 

Larkins,  Samuel  B., 

Salineville.   Ohio 

Laughlin,  Samuel  Ott, 

Wheeling,   W.   V'a. 

Lawson,  Carl  Harry, 

3  Fraternal    Ave..   Worcester.    Mass. 

Layman,  F.  E.,  E.M.   (in  Cer.). 

The  Aberdeen,  ^lihvaukee.  Wis. 

LePage,  Just. 

Willamina.  Oregon 

Levings,  George  van  B., 

via  Palisade,  Nevada 
Libman,  Earl  E.,  B.S.   (in  Cer.), 

601   Knoxville   St..    Peoria.    111. 

Linbarger.  Silas  Carl   B.S., 

Niagara   Palls.  New  York 

Linger,  Cyril  S.. 

Creighton.    Pa. 

Lindley,  Jacob, 

Tiltonville.  Ohio 


President,  J.   M.    Kohler  and   Sons 

Company 
Refractories      Engineer,      H.      W. 

Johiis-Manville  Coinpany 
General    Manager,    Krick,    Tyndall 

and   Company 
Midland   Terra   Cotta   Company 

President.  Midland  Terra  Cotta 
Company 

Locke  Insulator  Company 

\'ice-President  and  Assistant  Gen- 
eral Manager,  Findlay  Clay  Pot 
Company 

Superintendent.  United  States  En- 
caustic Tile   Works 

Assistant  Chemist,  Research  De- 
partment. Pittsburgh  Plate  Glass 
Company 

Ceramic  Chemist,  Denver  Terra 
Cotta   Company 

Superintendent  National  China 
Company 

President    and     General     Manager, 

.\\'heeling  Tile  Company 

Laboratory  Assistant,  Norton  Com- 
pany 

Chemist,  Cutler-Hammer  Company 

Head    Burner,    Pacific    Face    Brick 

Company 
Union  Mines 

.Assistant     Construction     Engineer. 

Illinois  Traction   System 
Carborundum  Company 

Pittsburgh  Plate  Glass  Company 

Riverside    Potteries    Company 


28 


MEMBERSHIP   LISTS 


Lloyd,  Harry, 

Irondale,    Ohio 

Locke,  Frederick  M., 

Victor,    N.   Y. 
LOXGENECKER,    H.    L.,    Cr.E., 
Cambridge,   Md. 

LooMis,  George  Allex,  Cr.E., 

40th  and   Butler  Sts.,   Pittsburgh.  Pa. 
LOUTHAN,   Wm.    B., 
East  Liverpool,  Ohio 

Lucas,  H.  J., 

2525    Cl.vbourn    .\ve.,    Chicago,    III. 

Lyon,  John  Bovd,  B.S., 

486S  Fountain  Ave.,   St.  Louis,   Mo. 

McBean,  Atholl, 

311    Crocker    Building,    San     Francisco, 
Calif. 

McCann,  James  S.. 

Streator,    111. 

McClave,  J.  M., 

910    .American    Trust    Bids.,    Cleveland, 
Ohio 

McDanel,  Walter  W„ 

532  Thirteenth  Ave.,  Xew  Brighton,  Pa. 

McDowell,  J.  S.,  B.S., 

Pittsburgh,    Pa. 

McDorcAL,  Taine  G.,  Cr.E., 

Flint,  Mich. 

MacGregor,  John  Roy, 

1106  Tacoma   Bldg.,   Chicago,   111. 

Mackenzie,  William  G., 

Wilmington,    Del. 

^Iacmichael,  Paul  S., 

Auburn.  Wash. 

McMillan,  Herbert  G., 

Detroit,    Mich. 

McNaughton,  M.\lcolm,  M.E., 

Jersey   City,    X.   J. 

McVay,  T.  X.,  B.S.,  Cr.E., 

Streator,    111. 

Maddisox,  E.  a., 

3ST7    25th    St.,    San    Francisco,    Calif. 

Maddock,  a.  ^L,  Jr., 

Trenton,  N.  J. 

Maddock,  Henry  E.. 

Trenton.  N.  J. 

Maddock,  John, 

Trenton,  N.  J. 

^Lalixovszky.  Andrew, 

Lincoln,    III. 


Superintendent  Colonial  Clay  and 
Coal  Compan\' 

Manufacturer  of  Porcelain  Insula- 
tors 

Manager,  Cambridge  Brick  Com- 
pany 

LInited  States  Bureau  of  Standards 

Manager  Louthan  Supply  Company 

Vice-President  Xorthwestern  Terra 

Cotta  Company 
Laclede-Christy  Clay  Products  Co 

Secretary,  Gladding,  McBean  and 
Companjs 

Superintendent,     Streator     Clay 

Manufacturing  Company 
General     Manager     American     Fire 

Clay  and  Products  Company 

Mould  Maker,  United  States  Bu- 
reau of  Standards 

Research  Department.  Harliison- 
Walker  Refractories  Company 

Champion  Ignition  Company 

Chemist,  Richer  Lead  Company 

Manager,  Golding  Sons  Company, 
Wilmington,  Delaware  Depart- 
ment 

President,  Northern  Clay  Company 

Manager  and  Secretary,  Porcelain 
Enameling  and  Manufacturing 
Company 

Superintendent,  Joseph  Dixon  Cru- 
cible Company 

Streator   Brick   Company 

Architectural  Terra  Cotta  Drafts- 
man 

Vice-President.  Thomas  Maddocks's 
Sons  Company 

Wtih  John  Maddock  Sons  Company 

John  Maddock  and  Sons 
Chemical  Engineer 


AMERICAN    CERAMIC    SOCIETY 


29 


Malm,  Arthur  T.,  Cr.E., 

Worcester,    Mass. 

Malsch.  Werner, 

lOi)  Williams  St..  New  York.  N.   Y. 
Maltbv,  Alfred, 

Corning.   N.   Y. 

Maxdle,   I., 

Wriglit  Bldg..  St.  Louis,  Mo. 
Handle,  Sydney, 

Wright  Bldg.,  St.  Louis,  Mo. 
Mandler,  Chas.  J.,   B.L.,  LL.B., 

2104   Franklin   .-Xve.,   Toledo,   Ohio 

Manor,  John  M., 

East    Liverpool.    Ohio 

Martz.  Joseph  .Adelbert,  Cr.E., 

Columbus,  Ohio 

Ma.son,  Fortunatus.  Q., 
East  Liverpool,  Ohio 

Mayer,  Walter  Stanley,  B.S., 

1.520  Third  .\ve..   New   Brighton,    Pa. 

Maynard,  T.  Poole.  A.B.,  Ph.D., 

.Atlanta.    Ga. 

iMellor.  F.  G., 

Wheeling,    W.    Ya. 

IMetzner.  Otto, 

Cincinnati,    Ohio 
MiDDLETON,  Jefferson, 

1736    Corcoran    St.,    Washington,    D,    C. 

Miller,  Donald  M., 

633   Monmouth    St.,    Trenton,    N.   J. 

Milligan,  Frank  W., 

Parkersburg,    W.    Ya. 

Millsom,  Walter  C, 

Macomb,    111. 
Miner,   Harlan   S.,   B.S.,    (in    Cli.), 
Gloucester  City,   N.  J. 

Moore,  Earl  Jackson, 

Greenville,  Ohio 
Moore.  Herbfjjt  W., 

Perth  .Amboy,  N.  J. 
MooRSHEAD,  Thomas  Courtney, 

Alton,    111. 
Morgan,  Frederick  .Arthur,  B.S., 

1106   Taconia    Bldg..    Chicago.    111. 

Morris,  George  D.,  Cr.E., 

St.    Louis,   Mo. 
Moses.  James, 

Trenton,   N.   J. 


Factory    Investigator,     R  e  s  e  a  r  ch 

Laboratories,  Norton  Company 
Manager,  Ceramic  Department,  The 

Rocssler  and  Hasslacher  Chemical 

Company 
Superintendent,     Corning     Brick, 

Terra  Cotta  and  Tile  Company 
Secretary    and    Treasurer,    Mandle 

Clay  Mining  Company 
Assistant    Treasurer,    The    Mandle 

Clay  Mining  Company 
President,  Allen   Filter   Company 

Manager,  The  Golding  Sons  Com- 
pany 
Norton  Company 

Mason  Color  and  Chemical  Com- 
pany 

Assistant  to  Manager,  Mayer  China 
Company 

Consulting  Geologist 

Warwick  China  Company 

Superintendent  of  Manufacture, 
Rookwood  Pottery  Company 

Statistician,  United  States  Geologi- 
cal Survey 

Secretary,  Crossley  Machine  Com- 
pany 

Manager.  General  Porcelain  Com- 
pany 

Student  in  Ceramics,  University  of 
Illinois 

Chief  Chemist.  Welsbach  Company 

Superintendent.  Richeson.  Nelson 
and  Moore 

Chief  Chemist.  Atlantic  Terra  Cotta 
Company 

Chief  Engineer,  Illinois  Glass  Com- 
pany 

Sales  Department,  Picher  Lead 
Company 

Superintendent.  Evens  and  Howard 
Fire  Brick  Company  Works  Nos 
1  and  2 

Mercer  Pottery  Company 


30 


MEMBERSHIP    LISTS 


MOULTON,  D.   A., 

Firebrick,    Ky. 
MuCKENHTRN,    ChARLES    H., 

560   Chalmer   Ave..    Detroit,    Mich. 

MuESSiG,  C.  Nick, 

Box  26T,   East  Liverpool,   Ohio 
MULHOLLAND,    VeRGIL, 

41   Arch    St..   Hartford,    Conn. 

MuNSHAW,  Lambert  M., 

North    Crystal   Lake,    111. 
Murray,  Gerard  A.,  Cr.E., 

Mt.    Savage.    Md. 
Myers,  Charles  H.,  Cr.E., 

10    Third    Ave..    Murray,    ftah 

Myers,  Scott  P., 

Uhrichsville,  Ohio 

Nelson,  Idris,  A.B.. 

Y.    M.   C.   A.,   Galesburg,   III. 
Nicely,  Charles  .■\uGisTrs,  Cr.E., 

Watsontown,    Pa. 

NiES,  Frederick   Harold,  D.D.S.. 

859  Bay  Ridge  Ave.,   Brooklyn.  N.   V. 

Office,  Leon  R.,  B.S.,  in  Cr  E., 

Mellon    Institute,    Pittsburgh,    Pa. 

Ortman,  Fred  B.,  Cr.E., 


OuDiN,  Ch,arles   p., 

2327  Pacific  .^ve.,   Spokane.  Wash. 

OvERBECK,  Elizabeth  G.. 

Cambridge   City,   Ind. 

Owens,  Francis  T., 

Ridgway,    Pa. 
Pass,  Richard  Henry,  A.B., 

Syracuse,  N.   Y. 
Patterso.x,  .\iiE.\axder.  Ph.B.,  M.A., 

Clearfield,   Pa. 
Pelton,     Herbert      Edward,     A.B., 
E.E., 

1922  Dracena  Drive,  Los  Angeles,  Calif. 

Penfield,  L.  W., 

Willoughby,   Ohio 

Penfield^  R.  C, 

1619  Conway  Bldg.,  Chicago,  111. 

Peregrine,  Clarence  R., 

411    Washington    Ave.,    Charleroi,    Pa. 

Pfau,  Charles, 

Cincinnati,    Ohio 


Ceramic   Engineer 

General  Representative,  Standard 
Sanitary  Manufacturing  Company 

Salesman,  B.  F.  Drakenfeld,  Incor- 
porated 


Ceramist,     American     Terra     Cotta 

and   Ceramic  Company 
L'nion   Mining   Company 

Superintendent  Murray  Plant,  Utah 

Fire   Clay   Company 
Superintendent,      Robinson      Clay 

Product  Company 
Chemist     Purington     Paving    Brick 

Company 


Ceramic  Chemist,  H.  Koppers  Com- 
pany. Mellon  Institute,  Pitts- 
burgh 

Ceramic  Engineer,  New  York  Arch- 
itectural  Terra  Cotta  Company 

Manager,   Pacific  Fire   Brick   Com- 
pany 
Overbeck  Pottery 

Treasurer  and  General  Manager, 
Ridgway  Brick  Company 

Chemist,  Onandago  Pottery  Com- 
pany 

Secretary  and  Treasurer,  Pa'.terson 
Clay  Products  Company 

Secretary  and  Treasurer,  West 
Coast  Tile  Company 

Vice-President  and  Resident  Man- 
ager, American  Clay  Machinery 
Company 

President  and  General  Manager, 
American  Clay  Machinery  Com- 
pany 

General  Superintendent,  Macbeth 
Evans  Glass  Company 

President,  Pfau  Manufacturing 
Company 


AMERICAN    CERAMIC    SOCIETY 


31 


Phillips,  William  L.. 

1261  St.   Charles  St.,  Alameda,   Cal. 

Pierce,  O.  W., 

Olcan,   N.  Y. 
Pierce,  Robert  H.  H.,  B.A,, 

Hox   516   Hazelwood,    Pittsburgh,    Pa. 

PiiCMRN,  William    S., 

104   Fifth  Ave.,  New  York,   N.  Y. 

Plusch,  Herman  A.,  M.Sc, 

Philadelphia.  Pa. 

PoLEN,  George  A., 

1012  Wooster   Ave.,   Canal    Dover.   Ohi  i 
Pooi.E.  Joshua, 

East    Liverpool,   Ohio 

Porter,   Fred   Baker,   B.S.,   Cii.F... 

Fort   Worth,   Texas 

Post,  Malcolm  P., 

Commerce,  Mo. 

Powell,  William  H., 

200     W.     Seventieth     St.,     New     York, 
N.  Y. 

Preston,  Francis  C, 

i">09  CuyahoRa   Rldg.,  Cleveland,  Ohio 

Primley,  Walter  S.,  A.B., 

1515   Lumber    Exchange    Bldg..   Chicago 
111. 

PuRiNTON,  Bernard  S., 

Wellsville,  Ohio 

Pyatt,  Frank  E., 

128    Sharon    Ave.,    Zanesville,    Ohio 

Rainey,  Lloyd  B„  Cr.E., 

Beaver,  Pa. 
Ramsay,  Andrew, 

Mt.   Savage,  Md. 

Ramsay,  John  D., 

St.  Marys,  Pa. 

Rancke,  Louis  N., 

Lonaconing,    Md. 
Randall,  James  E., 

Indianapolis,   Ind. 
♦Randall,  Theodore  A., 

Indianapolis,   Ind. 
Rankin,    George    Atwater.    A.B., 
(Chemistry), 

Creighton,    Pa. 

Rathfon,  William  O., 

T74T    Eurnham    .Vve.,   Chicago,    111. 

R.^thjens,  George  W.,  B.S.,  C.E., 

Fort   SnelHng,   Minn. 


X.  Clark  and  Sons 

Olean  Tile   Company 

Chief     Chemist,     Harbison-Walker 

Refractories  Company 
Importer  of  China  and  Earthenware 

Research  Engineer,  Abrasive  Com- 
pany 

General  Superintendent  Robinson 
Clay  Products  Company 

Manager  Homer  Laui^hlin  China 
Company 

President,  Fort  Worth  Laboratories 

Superintendent,   Post   Brothers 

President,  Atlantic  Terra  Cotta 
Company 

\'ice-President  and  Sales  Manager, 
Dover  Fire  Brick  Company 

Secretary  and  Treasurer,  Midland 
Terra  Cotta  Company 

United  States  Pottery  Company 


Superintendent,   Fallston   Fire   Clay 

Company 
The  Andrew   Ramsay  Company 

President    and     General     Manager, 

Elk  Fire  Brick  Company 
Consulting  Engineer-Chemist 

Junior  Editor,  Clayworker 

Editor,  Clayworker 

Chief,      Geophysical       Department, 
Pittsburgh   Plate   Glass   Company 

Chicago  Fire  Brick  Company 

Captain   Engineer.   Officers  Reserve 

Corps 


Life  member. 


82 


MEMBERSHIP    LISTS 


Raymond,  George  M.. 

1511   Grand   Ave.,   Dayton,   Ohio 

Rea,  William  J., 

Buffalo,    N.    Y. 
Reeve,  Howard  T.,  F.C.I., 

South    Bridge,   Mass. 

Reynolds,  Pierce  B.,  A.B., 

433  WyominR  Ave.,   Kingston.  Pa. 

Rhead,  Frederick  Hurten, 

Mission    Canyon,    Santa   Barbara,    Calif. 

Rhoades,  Ralph  Stanley, 

St.    Louis,   Mo. 
Richardson,  Ernest, 

Beaver  Falls,  Pa. 

Riess,  DeWitt  p., 

Sheboygan,    Wis. 

Rivers,  William  Edward, 

Old    Bridge,    N.    J. 

Robertson,  Fred.  H., 

809  N.   Alvarado   St.,   Los  .Angeles,   Cal. 

Robertson,  Hugh  Schuyler,  B.S., 

211    Sycamore   St.,   Pittsburgh.    Pa. 
Robineau,  S.  E.. 

108  Pearl   St.,  Syracuse.   N.   Y. 

Robinson,  Louis  G.,  M.E., 

4th   and    Park   Aves.,   Newport,    Ky. 
Rockhold,  Kenneth  Edward,  B.S., 

Zanesville,   Ohio 

Rodgers,  Eben, 


Alto 


III. 


Roessler,  Franz, 

39  High    St.,   Perth    Amboy,   X.   J. 

Rogers,  Gregory-  L,, 

Danville,   111. 

RusoFF,  Samuel, 

Anderson,   Ind. 

Ryan,  John  J.,  B.S., 

Seguin,   Texas 
Salisbury,  Bert  E.. 

1810   W.    Genesee   St..    Syracuse,    N.    V. 
Sanders,  John  W., 

Moundsville,   W.    Va. 
Sant,  Thomas  Herbert, 

East   Liverpool,  Ohio 

Sassetti,  Frank  L., 

4147  Van   Buren  St.,  Chicago,   111. 

Saunders,    William    Edward,    B.S., 
E.M., 
1401  Arch  St..  Philadelphia.  Pa. 


General  Manager,  C.  W.  Raymond 
Company 

Superintendent,  Buffalo  Pottery 
Company 

Chief  Scientist,  American  Optical 
Company 

Treasurer,  Dorrance  Terra  Cotta 
Company 

Editor  and  Manager,  Potter  Pub- 
lishing Company 

General  Manager,  Evens  and  How- 
ard Fire  Brick  Company 

Vice-President  and  Treasurer,  In- 
gram Richardson  Manufacturing 
Company 

Secretary .  and  Factory  Manager, 
VoUrath  Company 

Vice-President,  Old  Bridge  Enam- 
eled  Brick  and  Tile  Company 

Los  Angeles  Pressed  Brick  Com- 
pany 

Harbison-Walker  Refractor  ies 
Company 

President,  Keramic  Studio  Publish- 
ing Company 


L.    E.    Rodgers    Engineering    Com- 
pany 
Secretary     and     Treasurer.     Alton 
Brick  Company 
Roessler   and   Hasslacher   Company 

American      Refractories     Company 

National  Tile  Company 

Secretary.  Seguin  Brick  and  Tile 
Company 

President,  Onondaga  Pottery  Com- 
pany 

Enameler,  United  States  Stamping 
Company 

Secretary-Treasurer,  The  John  Sant 
and  Sons  Company 


Engineer,  United  Gas  Improvement 
Company 


AMERICAN'    CERAMIC    SOCIETY 


33 


Saxe,  Charles  William, 

276  W.   Boylston    St.,    Worcester,    Mass. 
SCHACHTEL,    S.    H.,    Cr.E., 
Coffeyville,   Kansas 

ScHAULiN,  George  Marvin, 

Akron,   Ohio 
ScHOLEs,  Samuel  R..  Ph.D.. 

Rochester,     Pa. 

ScHORY,  Virgil  S.,  Cr.E., 

Tiffin,   Ohio 

ScHURECHT,  Harry  George, 

Lord    Hall,    O.    S.    U.,    Columbus,    Ohio 

Scott,  William  C, 

Warrior,   Ala. 

Seaver,  Kenneth,  S.B., 

Pittsburgh,    Pa. 

Sebrinc,  Charles  L., 

Sebring,   Ohio 

Sewell,  Sidney  Isaac,  B.S.,  Cr.E., 

236   Fisk    St.,    Pittsburgh,    Pa. 

Sheerer,  Mary  G., 

Newcomb    Pottery    Co.,    New    Orleans, 
La. 

Shoemaker,  George  W., 

Akron,   Ohio 

Sinclair,  George  E., 

Trenton,   N.   J. 

Sinclair,  Herbert, 

Trenton,  N.  J. 
Singer,  L.  P., 

Lincoln,    Calif. 

Sloan,  Ale.xander,  B.S.  (in  Chem.), 

Cumberland.  Md. 

Smith,  Amedee  M., 

Portland,   Oregon 

Smith,  Harry  W., 

314   Smith   St.,  East  Liverpool,  Ohio 

Smith,  James  M., 

Newcastle,    Pa. 

Smith,  Norman  G., 

Brunswick,   Me. 

Smith,  Perry  A., 

New  Brighton,   Pa. 

Solon,  Albert  L., 

195  Fremont   St.,   Sau   Jose,   Calif. 

Solon,  Marc, 

Trenton,  N.  J. 
Speir,  Harry  P., 
Cedarville,  N.  .T. 


Chemist,  Research  Laboratory,  Xor- 

ton  Company 
Ludowiei-Celadon   Company 

Robinson  Clay   Product  Company 

Chemist,  H.  C.  Fry  Glass  Company 

Ceramic   Engineer,   Standard    Sani- 
tary Manufacturing  Company 
United  States   Bureau  of  Mines 

Superintendent,  Sibley  Brick  Com- 
pany 

Assistant  General  Sales  Manager, 
Harbison-Walker  Refractories 
Company 

General  Manager,  Sebring  Pottery 
Company 

Laboratory  Assistant,  United  States 
Bureau  of  Standards 

Assistant  Director,  Newcomb  Pot- 
tery 

Robinson    Clay    Product    Company 
Secretary,  Star  Porcelain  Company 

General    Manager,    Star    Porcelain 

Company 
Chemist,     Gladding,     McBean     and 

Company 
Manufacturing  Chemist 

President,  Western  Clav  Manufac- 
turing  Company 

Representative,  Roessler  and  Hass- 
lacher  Chemical  Company 

Treasurer,  Shenango  Pottery  Com- 
pany 

Treasurer  and  General  Manager, 
Maine  Feldspar  Company 

Secretary,  A.  F.  Smith  Company 


General  Manager  and  Secretary, 
Mercer  Pottery  Company 

President,  New  Jersey  Pulverizing 
Company 


34 


MEMBERSHIP    LISTS 


Springe,  Otto,  B.S., 

Galesburg,  111. 
Sproat,  Ira  E., 

Dry   Branch,   Ga. 

Spurrier,  Harry, 

701    Sheridan    Ave.,    Detroit,    Mich. 

Stanger,  Frederick, 

Real    Estate    Trust    Bldg.,    Philadelphia. 
Pa. 

Stangl,  J.  M., 
Dundee,   III. 

Stanley,  William  W.,  Ph.B., 

New  Brunswick,    N.  J. 

Stapler,  Walter  S., 

Stevens   Pottery,   Ga. 

Staudt,  August, 

Perth  Amboy,   N.  J. 
Steinhoff,   Frederick   Louis, 

50    E.    Green    St.,    Champaign,    111. 

Steinmayer,  R.  a.  J.,  B.S., 

La   Salle,   111, 

Stern,   Newton  W., 

67    New    Montgomery    St..    San    Fran- 
cisco, Calif. 

Stevens,  Douglas,  F.,  M.E., 

Cayuga,   Indiana 

Stevenson,  William  G., 

Oregon,    111. 

Stockton-Abbott,   Lyle, 

Hotel    Plaza,    Port   Arthur,    Texas 

Stone,   Charles,  A„ 

12i6   N.    Kedzie   Ave.,   Chicago,   111. 

Stowe,    Charles    Brown, 

Cleveland,  Ohio 
Sullivan,  Eugene  C,   Ph..D., 

Corning,  N.  Y. 
Swalm,  Phaon  H., 

Trenton,    N.    J. 

SwEELV,  Burton  T.,  B.S.,   (in  Cer.), 

Ames,  Iowa 
Tamlyn,  Walter  Irving,  E.E., 

359   Crown   St.,   Brooklyn,    N.    Y. 

Tatton,  Joseph, 

59,  Southard    St.,    Trenton,    N.   J. 

Taylor,  Royal  W., 

707   Twelfth    St.,    N.   W.,    Canton,   Ohio 

Tefft,     Charles     Forrest,     B.S.,(in 
Cer.), 

Darlington.    Beaver   Co.,    Pa. 


Ceramic  Engineer,  Purington,  Pav- 
ing  Brick   Company 

Ceramic  Engineer,  Georgia  Koalin 
Co 

Chemist,     Jeffrey-Devvitt     Company 

Sales  Manager,  Enterprise  White 
Clay  Company 

Superintendent,  Haeger  Potteries 

Wasson   Piston   Ring  Co 

General  Manager,  Stevens  Brothers 

and  Company 
President,  Perth  Amboy  Tile  Works 

Student     in     Ceramic     Engineering, 

University  of  Illinois 
La  Salle  Pressed  Brick  Company 

Secretary  and  Treasurer,  Pacific 
Porcelain  Ware  Company 

Superintendent,  Acme  Brick  Com- 
pany 

Secretary-Treasurer,  National  Silica 
Company 

Engineer 

Student,  University  of  Illinois 

President,      National      Fire      Brick 

Company 
Chief     Chemist,     Corning     Glass 

Works 
Assistant    Superintendent,    Trenton 

Fire  Clay  and  Porcelain  Company 
Ceramic     Engineering     Department, 

Iowa   State  College 
Assistant    Engineer    with    Ralph    D. 

Mershon 
Trenton  Potteries  Company 

Assistant  Secretary  and  Chemist, 
The  Canton  Stamping  and  Enam- 
eling Company 

Manager,  Darlington  Clay  Products 
Company 


AMERICAN'    CERAMIC    SOCIETY 


35 


Thomas,  Chauncev  R.. 

23S0   San    Pablo   Ave.,   Berkeley,   Cal. 

Thomas,  George  E., 

St.   Louis,   Mo. 
Thomas,     James     Kav,     B.S.,      (in 
E.E.), 

Crawfordsville,   Ind. 
Thompson,  Dale  D., 

East    Liverpool,    Ohio 

Thrall,  Charles  U.. 

1170   Broadway,    New    York.    X.    Y. 

Thwinc,   Charles   Blrton.   Ph.D., 

3339    Lancaster    Ave.,    Philadelphia,    Pa. 
Tillotson,     Edwin     W.,     Jr.,     B.A., 
Ph.D., 

Pittsburgh,    Pa. 

Tilton,   Earl  Monroe.  Cr.E., 

Pittsburgh,   Pa. 

Timmerman,  Walter  F., 

Kansas  City,  Kansas 
Tone,  Frank  J., 

Niagara  Falls,   N.  Y. 

Towns  END,  Everett, 

314  Bellevue  Ave.,  Trenton.  N.  .T. 

Trautwein,  J.  O., 

417   S.  Dearborn  St..  Chicago,  111. 

Tkeipchel,  Chester,  B.S., 

Kankakee,   111. 

Truman,  Gail  R., 

5801  Manchester  Ave.,  St.  Louis,  Mo. 
Turner,  A.  M.,  M.E., 

Sciotoville,  Ohio 
Van  Schoick,  Elmer  Holmes,  B.S., 
(in   Cer.), 

Box  166,  Ottawa,  III. 
VoDREY,  William  E., 

East  Liverpool,  Ohio 

Vollkommer,  Josef, 

Bessemer  Bldg..   Pittsburgh.   Pa. 

VoLZ,  William  J., 

St.    Louis,    Mo. 

\V.\GNFJ!,  C.  L.,  B.S.,  C.E., 

Seattle,    Wash. 

Wagner,  Fritz, 

1000  Clybourn  Ave.,   Chicago,  111. 

Walden,  Albert  S., 

Cleveland.  Ohio 

W.-^LDucK,  Ch.mu.es   Louis,  B.S., 

Boston,   Mass. 


General    Superintendent,    Highlands 

Fire  Clay  Company 
Manager,  Standard  Brick  Company 


Treasurer,  C.  C.  Thompson  Pottery 
Company 

Superintendent.  Atlantic  Terra 
Cotta  Company 

President,  Thwing  Instrument  Com- 
pany 

University  of  Pittsburgh 


Pittsburgh   Testing  Laboratory 

\'ice-President,     Western     Terra 

Cotta  Company 
W  o  r  k  s     Manager.     Carborundum 

Company 
General    Manager,     Robertson     Art 

Tile  Company 
President.     Trautwein     Dryer     and 

Engineering  Company 
Kankakee  Brick  and  Tile  Company 

Ceramic  Chemist,  St.  Louis  Terra 
Cotta  Company 

Superintendent  and  Treasurer, 
Scioto  Fire  Brick  Company 

Chicago  Retort  and  Fire  Brick  Com- 
pany 

General  Manager,  Vodrey  Pottery 
Company 

President  and  Manager,  The  Vitro 
Manufacturing   Company 

Superintendent  Evens  and  Howard 
Fire  Brick  Company 

Chief  Chemist,  Superior  Portland 
Cement  Company 

\'ice-President  and  Treasurer,  The 
Northwestern  Terra  Cotta  Com- 
pany 

Foreman,  National  Carbon  Com- 
pany 

Superintendent,  Grueby  Faience  and 
Tile  Company 


36 


MEMBERSHIP   LISTS 


Walker,   Charles   Hen'rv. 

400    W.    Ith    St.,    East    Liverpool.    Oliio 

Washburn,  Edward  W.,  S.B.,  Ph.D.. 

Urbana,    IIL 

Wegener,   Harvev    A.,    Cr.E.. 

East    Pittsburgh.    Pa. 

Weigel,  Charles, 

Hebron,  North  Dakota 

Weil,  Edgar  H.,  B.S., 

Cleveland.  Ohio 
Wells,  Harry  B., 

Canton,   Ohio 

Wh.itaker,  Fred  A., 

Keasbty,    N.   J. 

White,  Ray  Hill,  A.B..  S.B., 

Niagara   Falls,    N.    Y. 

Whitehead,  Ralph  R.,  M.A., 
Woodslc<?k.   Ulster  Co.,   N.  Y. 

Whitelaw,  James  Cameron,  B.S., 
1220  Eoren  Ave.,   Seattle.   Wash. 

Whitford,     William     Garrison, 
Ph.B.  (in  Cer.), 

Chicago,   III. 

Whitmer,  J.  D.,  Cr.E., 

9    Ball   St.,    Zanesville,    Ohio 

WiGFiELD,  Claude  Lawrence, 

205  E.  2nd  St.,  Elyria,  Ohio 
Wilder,  Thomas  Milton, 

Ravinia,   111. 

Will,  Otto  W., 

Perth   .Amboy,    N.   J. 

Wilson,  Hewitt,  Cr.E., 

Auburn,    Washington 

Woods,  William  J.,  A.  B., 
Lewistown,    Pa. 

Worth,  S.  Harry, 

706   Franklin   Bank    Bldg..    Philadelphia. 
Pa. 

Wright,  Joseph  William, 

523   E.    Green    St..    Champaign.    111. 

Yates,  Alfred, 

Shawmut.    Elk   Co.,    Pa. 

Yearsley,  Howard  L., 

133  Westmont  Ave.,  Haddonfield,   X.    1- 

YouNG,  George  F., 

Zanesville,  Ohio 
YowELL,  John  Bennett,  B.S., 

Dudley,   111. 


.Assistant  Superintendent.  Homer 
Laughlin  China  Company 

Professor  of  Ceramic  Chemistry, 
University  of   Illinois 

Commercial  Engineer,  Supply  De- 
partment, Westinghouse  Electric 
and    Manufacturing    Company 

President,  Hebron  Fire  and  Pressed 
Brick  Company 

Vitreous  Enameling  Company 

Superintendent,  The  Belden  Brick 
Company 

Superintendent,  General  Ceramics 
Company.  Plant  No.  1 

Research  Engineer,  Norton  Com- 
pany 

"Byrdcliffe"   Pottery 


Instructor  in  Design  and  Ceramic 
Art,  University  of  Chicago 

American   Encaustic  Tile   Company 

Enameler.     The     Elyria     Enameled 

Products   Company 
Proprietor,  Wildwood  Shop 

Superintendent,  Color  Department, 
Roessler  and  Hasslacher  Chemical 
Company 

Ceramic  Chemist,  Northern  Clay 
Company 

Assistant  General  Manager,  Penn- 
sylvania Pulverizing  Company 

President.  Pennsylvania  Feldspar 
Company 

Student.  Ceramic  Engineering.  Uni- 
versity of  Illinois 

General  Manager,  Shawinut  Paving 
Brick  Company 

Manager,  Electric  Porcelain  and 
Manufacturing  Company 

Manager,  Roseville  Pottery  Com- 
pany 


.\ikmiii;k.siiii'  lists 


37 


ZiMMERLI,    Wm.    F.,    B. 
Rocliester,    N.    Y. 

ZoPFi,  Albert  S., 

Toledo,  Ohio 

ZwERMANN,  Carl  H., 

Kalamazoo,    Mich. 


Chemist,  Pfaudlcr  Co 

Secretary  and  Treasurer,  Buckeye 
Clay  Pot  Company 

President  and  General  Manager, 
Kalamazoo  Sanitary  Manufactur- 
ing Company 


RULES  OF  THE  SOCIETY 

[Revised   1915] 

I 
OBJECTS 

The  objects  of  the  American  Ceramic  Society  are  to  promote  the 
arts  and  sciences  connected'  with  ceramics  by  means  of  meetings  for 
the  reading  and  discussion  of  professional  papers,  the  pubhcation  of 
professional   literature,   and   for   social   intertourse. 

II 

MEMBERSHIP 

The  Society  shall  consist  of  Honorary  Members,  Active  Members, 
Associate  Members  and  Contributing  Members. 

Honorary  members  must  be  persons  of  acknowledged  professional 
eminence,  whom  the  Society  wishes  to  honor  in  recognition  of  their 
achievements  in  ceramic  science  or  art.  Their  number  shall  at  no  time 
exceed   two   percent   of   the   combined   active   and   associate   membership. 

Active  members  must  be  persons  competent  to  fill  responsible  posi- 
tions in  ceramics.  Only  Associate  Alembers  shall  be  eligible  to  election 
as  Active  Members,  and  such  election  shall  occur  only  in  recognition 
of  attainments  in  the  field  of  ceramics,  and  interest  in  the  Society,  as 
evidenced   by   papers    or    discussions    contributed    to    its   meetings. 

Associate  Members  must  be  persons  interested  in  ceramics  or 
allied  arts. 

Contributing  Members  must  be  persons,  firms,  or  corporations  who, 
being  interested  in  the  Society,  make  such  financial  contributions  for 
its  support  as  are  prescribed  in  Section  3. 

Honorary  Members  shall  be  nominated  for  election  by  at  least  five 
active  members,  and' approved  by  the  Board  of  Trustees.  Their  nom- 
ination shall  be  placed  before  the  Society  at  an  annual  meeting,  and  to 
be  elected  they  must  receive  the  affirmative  vote  of  at  least  90  percent 
of  those  voting,  by  letter  ballot,  at  the  next  succeeding  annual  meeting. 

To  be  promoted  to  active  membership.  Associate  Members  must 
be  nominated  in  writing  by  an  Active  Member,  and  must  be  seconded 
by  not  less  than  two  other  Active  Members,  and  must  be  approved  by 
the  Board  of  Trustees.  Their  nomination  shall  be  accompanied  by  a 
statement  of  their  professional  qualifications  and  a  list  of  their  publica- 
(38) 
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tiuns.  it  any.  Their  nominations,  when  approved  by  the  Board  of 
Trustees,  shall  be  placed  before  the  Society  at  an  annual  meeting,  and 
to  be  elected  they  must  receive  the  affirmative  vote  of  not  less  than 
7")  percent  of  those  voting,  by  letter  ballot,  at  the  next  succeeding 
annual    meeting. 

.\  candidate  for  Associate  Membership  must  make  application  upon 
a  form,  prepared  by  the  Board  of  Trustees,  which  shall  contain  a 
written  statement  of  the  age  and  professional  experience  of  the  candi- 
date, and  a  pledge  to  conform  to  the  laws,  rules  and  requirements  of 
tlie  Society.  Such  applications  must  be  endorsed  by  two  .Active  Mem- 
bers of  the  Society  as  sponsors,  and  must  be  approved  by  the  Board 
of  Trustees.  The  Board  may  act  by  letter  ballot  upon  such  application 
at  any  time,  after  which  an  approved  candidate  may  be  enrolled  on 
the  proper  list  of  the  Society  upon  payment  of  the  fees  and  dues  pre- 
scribed  in  Section  3. 

Contributing  Members  shall  be  nominated  by  an  Active  Member, 
and  approved  by  the  Board  of  Trustees,  and  may  be  enrolled  on  the 
proper  list  of  the  Society  at  any  time  upon  payment  of  the  dues  pre- 
scribed  in   Section  3. 

.AH  Honorary  Members,  Active  ^[embers.  Associate  Members,  and 
Contributing  Members  shall  be  equally  entitled  to  the  privileges  of 
membership,  except  that  only  Active  Members  shall  be  entitled  to  vote 
and  hold  office.  The  roster  of  each  grade  of  membership  shall  be  printed 
separately,  in  at  least  one  publication  issued  by  the  Society  annually. 
Any  person  may  be  expelled  from  any  grade  of  the  membership  of  the 
Society  if  charges  signed  by  five  or  more  active  members  are  filed 
against  him,  and  a  majority  of  the  Board  of  Trustees  examines  into 
said  charges  and  sustains  them.  Such  person,  however,  shall  first  be 
notified  of  the  charges  against  him,  and  be  given  a  reasonable  time  to 
appear  before  the  Board  of  Trustees,  or  present  a  written  defense,  be- 
fore final  action  is  taken  by  the  Board  of  Trustees. 

Ill 

DUES 

Honorary  Members  shall  be  exempt  from  all  fees  or  dues. 

The  initiation  fee  of  Active  Members  shall  be  ten  dollars,  and  if 
not  paid  within  three  months  after  the  date  of  their  election,  the  latter 
shall  be  null  and  void.  The  annual  dues  for  Active  Members  shall  be 
fixed  Ijy  the  Board  of  Trustees,  and  shall  not  exceed  ten  dollars. 

The  initiation  fee  of  Associate  Members  shall  be  five  dollars,  and 
tlieir  annual  dues  shall  be  fixed  by  the  Board  of  Trustees,  but  shall 
not  exceed  five  dollars.  The  privileges  of  Associate  Membership  after 
election  shall  begin  upon  payment  of  the  initiation  fees,  and  dues  for 
the   first  year. 
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Contributing  Members  shall  pay  no  initiation  fee  into  the  Society. 
Their  annual  dues  shall  be  fixed  by  the  Board  of  Trustees,  but  shall 
not  exceed  twenty-five  dollars.  The  privileges  of  membership  shall 
begin  upon  payment  of  the  annual  dues. 

Any  Active  Member  or  Associate  Member  in  arrears  for  over  one 
year  may  be  suspended  from  membership  by  the  Board  of  Trustees, 
until  such  arrears  are  paid,  and  in  event  of  continued  dereliction,  may 
be  dropped  from  the  rolls.  Active  Members  in  arrears  are  not  eligible 
to  vote.  The  annual  dues  of  Active  and  Associate  Members  are  pay- 
able within  three  months  succeeding  date  of  annual  meeting. 

IV 
OFFICERS 

The  affairs  of  the  Society  shall  be  managed  by  a  Board  of  Trus- 
tees, consisting  of  a  President,  Vice-President,  Secretary,  Treasurer  and 
three  Trustees,  who  shall  be  elected  from  the  Active  Members  at  the 
annual  meeting,  and  hold  office  until  their  successors  are  elected  and 
installed. 

The  President,  Vice-President,  Secretary  and  Treasurer  shall  be 
elected  for  one  year,  and  the  Trustees  for  three  years ;  and  no  Presi- 
dent, Vice-President,  or  Trustee  shall  be  eligible  for  immediate  re- 
election to  the  same  office. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their 
offices,  or  may  be  delegated  to  them  by  the  Board  of  Trustees  or  the 
Society;  and  the  Board  of  Trustees  may,  at  its  discretion,  require  bonds 
to  be  furnished  by  the  Treasurer. 

Vacancies  in  any  office  shall  be  filled  by  appointment  by  the  Board 
of  Trustees,  but  the  new  incumbent  shall  not  thereby  be  rendered  in- 
eligible to  re-election  at  the  next  annual  meeting  to  the  same  office. 
On  the  failure  of  any  officer  to  execute  his  duties  within  a  reasonable 
time,  the  Board  of  Trustees,  after  duly  warning  such  officer,  may  de- 
clare the  office  vacant,  and  appoint  a  new  incumbent. 

A  majority  of  the  Board  of  Trustees  shall  constitute  a  quorum, 
but  the  Board  of  Trustees  shall  be  permitted  to  carry  on  such  business 
as  it  may  desire  by  letter. 

V 

ELECTIONS 

At  the  annual  meeting,  a  Nominating  Committee  of  five  -\ctive 
Members,  not  officers  of  the  Society,  shall  be  appointed,  and  this  com- 
mittee shall  send  the  names  of  the  nominees  to  the  Secretary  at  least 
sixty  days  before  the  annual  meeting  who  shall  immediately  forward 
the  same  to  the  Active  Members.  .'\ny  other  five  .A.ctive  Members  may 
act   as   a   self-constituted    Nominating    Committee,    and   also   present   the 
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names  of  any  nominees  to  the  Secretary,  provided  it  is  done  at  least 
thirty  days  before  the  annual  meeting.  The  names  of  all  nominees 
provided  their  assent  has  been  obtained,  shall  be  placed  on  the  ballot 
without  distinction  as  to  nomination  by  the  regular  or  self-constituted 
Nominating  Committee,  and  shall  be  mailed  to  every  member,  not  in 
arrears,  at  least  twenty  days  before  the  annual  meeting.  The  ballot  shall 
be  enclosed  in  an  inner  blank  envelope,  and  the  outer  envelope  shall  be 
endorsed  by  the  voter,  and  mailed  to  the  Secretary.  The  blank  en- 
velopes shall  be  opened  by  three  scrutineers  appointed  by  the  President, 
who  will  report  the  result  of  the  election  at  the  last  session  of  the 
annual  meeting.     A  plurality  of  votes  cast  shall  elect. 

VI 

MEETINGS 

The  annual  meeting  shall  take  place  on  the  first  Monday  in  Feb- 
ruary, or  as  soon  thereafter  as  can  be  conveniently  arranged,  at  such 
place  as  the  Board  of  Trustees  may  decide,  at  which  time  a  report 
shall  be  made  by  the  Board  of  Trustees,  Treasurer  and  scrutineers  of 
election,  and  the  accounts  of  the  Treasurer  shall  be  audited  by  a  com- 
mittee of  three,  appointed  by  the  President.  Ten  .Active  Members  shall 
constitute  a  quorum  at  any  regular  meeting,  and  a  majority  shall  rule 
unless  otherwise  specified. 

The  order  of  business  at  the  annual  meeting  shall  be  : 

1.  President's  address. 

2.  Reading  of  minutes  of  last  meeting. 

3.  Reports  of  the  Board  of  Trustees  and  Treasurer. 

4.  .'\ppointmcnt  of  committees. 

5.  Old  business. 

6.  New  business. 

7.  Reading  of  papers. 

8.  Announcement   of   election    of   officers,    Honorary   and    Active 
Members. 

9.  Installation  of  officers  and  new  members. 
10.     Adjournment. 

Other  meetings  may  be  held  at  such  time  and  places  during  the 
year  as  the  Board  of  Trustees  may  decide,  but  at  least  twenty  days' 
notice  shall  be  given  of  any  meeting. 

The  President  shall  appoint  at  the  annual  meeting  a  committee  of 
five,  to  be  known  as  the  Summer  Meeting  Committee,  whose  duty  it 
shall  be  to  arrange  for  a  summer  excursion  meeting  at  some  suitable 
point.  The  expenses  of  the  Summer  Meeting  Committee  in  arranging 
the  program  of  visits  and  for  printing,  rooms  and  facilities  for  meet- 
ings, shall  be  borne  by  the  Society. 
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VII 
PUBLICATIONS 

The  Board  of  Trustees  shall  employ,  at  suitable  compensation, 
an  Active  Member  of  the  Society  as  Editor  of  its  publications.  The 
Editor,  together  with  the  Secretary  and  Treasurer,  shall  constitute  a 
Publication  Committee.  The  Publication  Committee  shall  provide  for 
the  publication  of  an  annual  volume,  entitled  "Transactions  of  the 
American  Ceramic  Society."  This  volume  shall  contain  a  list  of  the 
officers,  a  list  of  members  of  the  Society,  classified  into  grades,  a  list 
of  the  ex-Presidents,  the  dates  and  location  of  meetings,  the  annual 
report  of  the  Board  of  Trustees  and  Treasurer,  the  list  of  prices  of 
the  publications  of  the  Society,  the  rules  of  the  Society,  and  any  other 
matter  pertaining  to  the  business  administration  of  the  Society  that 
the  Publication  Committee  may  think  proper.  It  shall  also  contain 
such  of  the  papers  and  discussions  thereon  as  the  Publication  Com- 
mittee may  consider  desirable,  and  each  volume  shall  contain  a  list  of 
the  papers  and  discussions  and  an  index.  The  volume  shall  be  six 
inches  wide  by  nine  inches  long,  and  part  of  the  issue  shall  be  bound 
in  paper  covers,  and  part  in  cloth  binding.  The  quality  of  the  paper, 
the  kind  of  type,  the  illustrations,  and  all  other  mechanical  details  of 
the  printing  and  publishing  of  the  books  or  reprints  shall  be  in  the 
hands  of  the  Publication  Committee,  subject  to  the  control  of  the  Board 
of  Trustees. 

The  acts  and  policies  of  the  Publication  Committee  shall  at  all  times 
be  subject  to  the  examination  and  approval  of  the  Board  of  Trustees, 
but  the  Board  shall  be  bound  by  contracts  entered  into  by  the  Publica- 
tion Committee  in  the  name  of  the  Society.  The  Publication  Commit- 
tee shall  have  full  power  and  authority  to  decide  what  papers  and  dis- 
cussions to  publish,  which  discussions  shall  be  germane  to  the  subject 
matter,  and  in  what  order  they  shall  be  published,  and  in  what  manner 
and  to  what  extent  they  shall  be  illustrated.  In  event  that  the  Board 
of  Trustees  shall  undertake  the  publication  of  some  other  matter  or 
book  than  the  Transactions,  the  Publication  Committee  shall  act  in  the 
same  capacity  for  that  publication  as  in  the  publication  of  the  annual 
volume  of  the  Transactions. 

One  copy  of  the  paper-bound  edition  of  the  Transactions  shall  be 
sent  prepaid  to  each  member  of  the  Society  not  in  arrears.  Members 
desiring  cloth-bound  copies  will  be  furnished  them  in  place  of  the  paper- 
bound  copy  at  an  increased  cost  for  the  binding.  No  member  shall  be 
furnished  more  than  one  copy  of  the  Transactions  free  for  any  single 
year.  Members  cannot  purchase  extra  copies  of  the  Transactions  at 
less  than  the  current  commercial  rates.  A  member  shall  be  permitted 
to  purchase  one  complete  file  of  the  publications  of  the  Society  at  less 
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tlian  tlie  current  commercial  rate,  the  amount  to  be  fixed  by  the  Pub- 
lication Committee  and  called  the  Member's  rate. 

The  Secretary  shall  have  the  custody  of  all  publications  of  the 
Society,  shall  keep  them  safely  stored  and  insured,  and  shall  sell  these 
volumes  to  the  public  at  prices  which  shall  be  fixed  by  the  Publica- 
tion Committee  for  each  new  volume  as  issued.  The  Publication  Com- 
mittee shall  also,  from  time  to  time,  fix  the  price  of  the  old  volumes 
remaining  unsold,  and  shall  have  authority  to  refuse  to  sell  the  old 
volumes  of  the  Transactions  except  in  sets,  at  such  time  as  the  quantity 
remaining  of  any  number  becomes  so  small,  as  in  their  judgment  to 
warrant  such  action. 

The  Editor  shall  request  the  author  of  each  article  appearing  in 
tlic  Transactions  of  the  Society  to  fill  out  and  sign,  within  a  definite 
time  limit,  a  blank  form,  specifying  the  number  of  reprints  of  said 
article,  if  any,  which  he  desires.  This  form  shall  contain  a  table  from 
which  can  be  computed  the  approximate  cost  at  which  any  reprints  will 
be  furnished.  In  event  that  the  expense  of  furnishing  the  desired  num- 
ber of  rc[)rints  is  large,  the  Publication  Committee  may  require  the 
author  to  paj'  in  advance  for  part  or  all  of  the  cost  involved  before 
the  publication  of  the  reprints  is  begun.  On  receipt  of  such  signed 
order  within  the  time  limit  set,  the  Editor  shall  cause  to  have  printed 
the  desired  number  of  copies.  If  the  author  makes  no  reply,  or  replies 
after  the  time  limit  has  expired,  then  the  Society  will  not  be  respon- 
sible for  the  publication  of  any  reprints  of  the  article  in  question,  except 
at  the  usual  market  price  for  the  printing  of  new  matter. 

No  one  shall  have  the  right  to  demand  the  publication  of  an  article 
independent  of  the  discussion  which  accompanied  it.  and  no  one  having 
taken  part  in  a  discussion  upon  an  article  shall  be  entitled  to  order 
reprints  of  the  discussion  separately  and  apart  from  the  article  itself. 

The  Society  is  not,  as  a  body,  responsible  for  the  statements  of 
facts  or  opinions  expressed  by  individuals  in  its  publications. 

VIII 

PARLIAMENTARY  STANDARD 

Robert's  "Rules  of  Order"  shall  be  the  parliamentary  standard  on 
all  points  not  covered  by  these  rules. 

IX 

AMENDMENTS 

To  amend  these  rules,  the  amendment  must  be  presented,  in  writ- 
ing, at  the  annual  meeting  of  the  Society,  and  must  be  printed  on  the 
ballot  for  officers  and  sent  out  not  less  than  twenty  days  in  advance 
of    the    next    annual    meeting,    and    if    the    said    letter    ballot    shows    an 
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affirmative  vote  of  not  less  than  two-thirds  of   the  total  vote  cast,   then 
the  same  sliall  be  declared  carried. 


LOCAL  SECTIONS 

Designation.  Local  sections,  each  carrying  some  distinguishing 
title  prefixed  to  the  words  "Section  of  the  American  Ceramic  Society," 
may  be  authorized  by  the  Society. 

Purpose.  The  purposes  of  such  sections  shall  be  to  strengthen 
and  extend  the  work  of  the  Society  as  defined  in  Section  I  of  its 
Rules,  by  more  frequent  meetings  in  local  centers  than  are  possible  to 
the  Society  as  a  whole,  and  by  bringing  the  benefits  of  the  work  to 
persons  who  would  not  otherwise  be  reached. 

Granting  of  Charters.  Application  for  permission  to  form  a  local 
section  must  be  in  writing  and  signed  by  not  less  than  ten  members 
of  the  Society  in  good  standing,  residing  in  the  genera!  locality  where 
the  section  is  to  be  formed,  of  whom  one  at  least  shall  be  an  Active 
member.  To  be  considered  at  any  given  meeting,  an  application  must 
be  filed  with  the  secretary  at  least  30  days  prior  to  the  date  of  the 
meeting,  and  notice  that  the  application  is  pending  must  appear  in  the 
program  of  the  meeting.  To  be  granted,  the  application  must  receive 
the  affirmative  vote  of  two-thirds  of  those  present.  In  event  of  affirm- 
ative action,  the  Society  will  issue  a  charter  to  the  applicants,  authoriz- 
ing them  to  form  a  section  under  the  name  proposed.  Charters  for 
local  sections  may  be  temporarily  suspended  by  the  Board  of  Trustees 
for  cause,  but  no  charter  can  be  permanently  rescinded,  except  by  vote 
of  two-thirds  of  those  present  at  a  regular  meeting  of  the  Society  after 
due  publication  in  the  program"  of  the  meeting  that  the  matter  is  pending. 

Legislative  Powers.  Local  sections  shall  have  power  to  make 
their  own  rules  and  by-laws,  except  that  they  shall  not  pass  any  rule 
or  by-law  which  is  in  conflict  with  the  Rules  of  the  Society. 

Officers.  The  Officers  of  local  sections  shall  be  a  Chairman,  a 
Secretary  and  a  Councilor,  and  such  others  as  the  Section  may  pre- 
scribe. The  duties  of  tlie  Chairman  and  Secretary  shall  be  such  as 
usually  pertain  to  those  offices.  The  Councilor  must  be  an  Active  mem- 
ber of  the  Society,  and  it  shall  be  his  duty  to  advise  the  Section  in  all 
matters  pertaining  to  its  relations  with  the  Society,  and  to  make  an 
annual-  report  to  the  Society  regarding  the  work  and  status  of  the  Sec- 
tion. The  names  of  the  Chairman,  Secretary  and  Councilor  of  each 
Section  shall  appear  in  the  roster  of  the  Society  in  the  Annual  Volume 
of  the  Transactions  of  the  Society. 

Eligibility.  Only  members  of  the  Society  shall  be  eligible  to  full 
participation  in  the  work  of  local  Sections,  but  Sections  may  provide 
in   their   by-laws   for   a   limited  participation   in   their   work   by  persons 
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not  members  of  the  Society,  when  in  their  opinion  the  purposes  of 
the  Society  will  be  subserved  by  such  a  course,  provided  always  that 
such  i)crsons  shall  not  vote  or  hold  office  in  the  Section. 

Finances.  Local  Sections  shall  have  power  to  fix  their  own  dues 
or  aswssmcnts,  such  dues  or  assessments  being  in  addition  to  and 
independent  of  the  regular  dues  and  assessments  of  the  Society  upon 
its  members.  No  Section  shall  have  authority  to  incur  debt  in  the  name 
of  the  Society  or  for  which  the  Society  may  become  liable. 

XI 

STUDENT  BRANCHES 

Designation.  Student  liranchcs.  each  carrying  some  distinguish- 
ing title  ])refixed  to  the  words  "Student  Branch  of  the  American  Cer- 
amic Society,"  may  be  established  in  Institutions  iji  which  regular  courses 
of  instruction  in  Ceramics  are  maintained. 

Purpose.  The  purposes  of  such  Student  Branches  shall  be  to 
strengthen  and  extend  the  work  of  the  Society,  as  defined  in  Section 
1  of  the  Rules,  by  enlisting  the  interest  and  support  of  students  of 
Ceramics  while  still  in  schools,  and  by  stimulating  the  spirit  of  ceramic 
research  among  them. 

Granting  of  Charters.  .Application  to  form  a  Student  Branch  in 
any  institution  must  be  in  writing,  and  signed  by  not  less  than  five 
regularly  enrolled  students  in  good  standing  and  endorsed  by  two  or 
more  members  of  the  Society.  The  application  must  be  filed  and 
acted  upon  as  provided  for  Local  Sections  in  Section  X,  and  may  be 
suspended  or  revoked  for  cause  in  the  same  manner. 

Legislative  Powers.  Student  Branches  shall  have  power  to  make 
their  own  rules  and  by-laws,  except  that  they  shall  not  pass  any  rule 
or  by-law  in  conflict  with  the  Rules  of  the  Society. 

Officers.  The  officers  of  Student  Branches  shall  be  a  Chairman, 
a  Secretary,  a  Councilor,  and  such  others  as  the  Student  Branch  may 
prescribe.  The  Chairman  and  Secretary  shall  be  elected  by  the  Stu- 
dent Branch,  and  their  duties  shall  be  such  as  usually  pertain  to  these 
ofliices.  The  Councilor  shall  be  an  active  member  of  the  Society,  ap- 
pointed by  the  Board  of  Trustees  to  act  in  this  capacity  to  the  Student 
Branch.  The  duties  of  the  Councilor  shall  be  to  advi.se  the  Student 
Branch  in  all  matters  pertaining  to  its  relations  to  the  Society  and  to 
make  an  annual  report  to  the  Society  regarding  the  work  and  status 
of  the  Student  Branch.  The  names  of  the  Chairman.  Secretary  and 
Councilor  for  each  Student  Branch  shall  appear  in  the  Roster  of  the 
Society  in  the  Annual  Volume  of  the  Transactions. 

Eligibility.  Membership  in  a  Student  Branch  shall  be  limited  to 
the  instructional  force  and  regularly  enrolled  students  of  schools  in 
which  branches  are  located,  subject  to  the  rules  of  the  school  con- 
cerned governing  outside  activities  of  students. 
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Finances.  Student  Branches  shall  have  power  to  fix  their  own 
dues  and  assessments,  and  as  such  shall  pay  no  dues  or  initiation  fees 
to  the  Society.  No  Student  Branch  shall  have  authority  to  incur  debt 
in  the  name  of  the  Society  or  for  which  the  Society  may  become  liable. 

Relation  of  Parent  Society.  Members  of  a  Student  Branch  as 
such  shall  pay  no  dues  or  initiation  fees  to  the  Society,  but  upon  de- 
positing a  certificate  of  good  standing  from  their  Secretary  may  pur- 
chase from  the  Society  its  Transactions  at  the  same  rate  as  Associate 
members  of  the  Society.  This  privilege  shall  cease  when  the  student's 
connection  with  the  school  ceases,  but  members  of  a  Student's  Branch 
upon  leaving  school  may  at  once  become  associate  members  of  the 
Society,  by  depositing  their  certificates,  making  the  proper  application, 
and  paying  the  regular  initiation  fee. 


PUBLICATIONS 

The    following    is   a   list    of    the   volumes    published   by   the    Society 
and  the  prices  at  which  tliey  are  for  sale  to  the  general  public: 

Bound  in  Bound  in 

Description  of  volume.  paper.  cloth. 

Vol.1.  1899,  110  pages $4.00  $4.75 

Vol.11.  1900,  278  pages 4.00  4.75 

Vol.  III.  1901,  238  pages 4.00  4.75 

Vol.  IV.  1902,  300  pages 4.00  4.75 

Vol.  V.  1903,  420  pages 5.00  5.75 

Vol.  VI.  1904,  278  pages 4.00  4.75 

Vol.  VII.  1905,  4.54  pages 4.00  4.75 

Vol.  VIII.  1906,  411  pages 4.00  4.75 

Vol.  IX.  1907,  808  pages 5.00  5.75 

Vol.  X.  1908,  582  pages 5.00  5.75 

Vol.  XI.  1909,  632  pages 5.50  6.25 

Vol.  XII.  1910,  882  pages 5.50  6.25 

Vol.  XIII.  1911,  8.37  pages 5.50  6.25 

Vol.  XIV.  1912,  888  pages 5.50  6.25 

Vol.  XV.  1913,  747  pages 5.50  6.25 

Vol.  XVI.  1914,  611  pages 5.50  6.25 

Vol.  XVII.  1915.  815  pages *....  6.25 

Vol.  XVIII.     1916,  947  pages 6.25 

Vol.  XIX.  1917,  pages 6.25 

Complete  .Set  $76.00    $106.75 

•  \'olume  X\n  and  all  {ollowing  Vohimrs  will  be  bound  in  cloth  only. 

The  Board  of  Trustees  established  in  the  beginning  a  differential 
between  members  of  the  Society  and  others,  in  the  matter  of  prices 
to  be  paid  for  copies  of  the  Proceedings.  This  differential  has  been 
changed  from  time  to  time  as  volumes  have  grown  scarcer  and  sales 
increased.  The  present  arrangement,  which  will  stand  until  March  1, 
1915,  allows  a  straight  discount  of  40  percent  to  members  in  good 
standing.  Members  in  arrears  are  not  furnished  copies  of  the  volume 
for  the  current  year,  nor  allowed  the  discount  for  the  older  publica- 
tion. Members  are  also  not  permitted  to  purchase  more  than  one  full 
set  of  the  publications  at  members'  rates.  The  care  and  sale  of  the 
Publications  has  been  transferred  to  the  Publication  Committee,  which 
(47) 
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reserves  the  right  to  change  the  discount  from  time  to  time  on  any  one 
volume  or  on  all,  as  may  be  necessary. 

The  number  of  copies  of  the  earlier  volumes  is  not  large,  and 
members  are  advised  to  procure  full  sets  as  soon  as  possible.  The 
prices  will  never  be  less  and  will  certainly  rise  as  time  goes  on. 

In  addition  to  the  above  volumes  of  the  Transactions,  the  Society 
has  also  published  the  following  books,  which  will  be  sold  net  at  the 
prices  listed  to  the  public  and  members  alike : 

The  Collected  Writings  of  Dr.  Hermann  August  Seger, 
Volume  I.  Contains  (o)  Treatises  of  a  General  Scientific 
Nature,  (fc)  Essays  Relating  to  Brick  and  Terra  Cotta, 
Earthenware  and  Stoneware,  and  Refractory  Wares. 
Pages,  552.     Bound  in  cloth $7.50 

The  Collected  Writings  of  Dr.  Hermann  August  Seger, 
Volume  II.  (b)  Essays  on  White  Ware  and  Porcelain. 
(c)  Travels,  Letters  and  Polemics.  (d)  Uncompleted 
Works  and  Extracts  from  the  Archives  of  the  Royal  Por- 
celain Factory.     Pages,  605.     Bound  in  cloth 7.50 

A  Bibliography  of  Clays  and  the  Ceramic  Arts,  by  Dr.  John 
C.  Branner,  1906,  451  pages.  Bound  in  cloth.  Contains 
6027  titles  of  works  on  Ceramic  subjects 2.00 

The  above  publications  will  be  shipped  at  the  consignee's  expense, 
by  express,  to  any  address  on  receipt  of  the  price.  All  checks  or 
money  orders  should  be  made  payable  to  the  American  Ceramic  So- 
ciety, and  not  to  the  Secretary  or  the  Treasurer. 

Edward  Orton,  Jr., 

Columbus,  Ohio.  Secretary. 


ANNUAL  REPORT  OF  THE  BOARD  OF  TRUSTEES 

To  the  Meml)ers  of  tlie  American  Ceramic  Society:  — 

The  Board  of  Trustees  has  prepared  the  following  state- 
ment of  the  business  and  condition  of  the  Society  for  the  period 
Feb.   1st.   1916.  to  Feb.   ist.   1917. 

MEMBERSHIP 

Tiiere  has  been  some  growth.  The  total  accessions  this 
year,  79,  are  greater  than  usual,  but  the  losses,  58,  are  also 
higher,  so  that  the  net  gain  of  21  is  not  materially  different 
from  usual.  In  view  of  the  disturbed  conditions  abroad,  which 
have  also  reacted  here,  the  showing  is  thought  to  be  a  good 
one.     The  analysis   follows  : 

Brought  Fom-ard  February   1st,   igid 

Honorary  members   4 

Contributing  members    2 

Active  members,  resident 63 

Active  members,  foreign 11 

Associate  members,  resident 392 

.\ssociate  members,   foreign 44 

Total   olfi 

Brought    forward    516 

Accessions  During  the  Year 

Active  members,  resident 11 

Associate  members,  resident -58 

Associate  members,  foreign 10 

Total  accessions   79 

Losses  During  the  Year 

Contriljuting  members   2 

Active  members,  resident,  by  death 2 

Active   members,  resident,   non-payment  of  dues 1 

.Active  members,  foreign,  by  transfer  to  resident 1 

(49-) 
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Active  members,  foreign,  non-payment  of  dues 5 

Associate  members,  resident,  by  transfer  to  active 10 

Associate    members,    resident,    by    resignation    and    non- 
payment of  dues -*' 

Associate  members,  foreign,  by  transfer  to  resident 3 

Associate  members,  foreign,  by  resignation  and  non-pay- 
ment of  dues 8 

Total  losses   ■'<? 

Net  gain   -1 

Total   Februarx-   ] ,   1017 -VIT 

Status  February   ist,   1917 

Honorary  mcniljers   4 

Active  members,  resident 1 1 

Active   members,    foreign '1 

Associate  members,  resident 414 

Associate  members,  foreign 43 

Total ^37 

FINANCIAL  STATEMENT 

The  amount  of  cash  carried  forward,  $1,489.1^  shows  a 
gain   of   $429.21    over   the   balance   brought    forward   Feb.    ist, 

iyi6.  This  showing  is  a  little  better  than  the  real  facts  warrant, 

in  that  there  is  an  unpaid  balance  on  the  printing  of  Volume 
XVm,  not  yet  settled.  This  amount  is  about  $105.00,  so  that 
a  substantial  gain  in  resources  remains. 

The  analysis  of  receipts  and  expenditures  follows: 


RECEIPTS 

Brought   forward   Feliruary   1st,    19111 

Receipts  from  Dues  : 

Active   members,    191 1)   dues 

."Kssociate   members.    lOlfi   dues 

Collection  of  dues  in  arrears 

Payments  of  dues  made   in  advance.. 

Receipts  from  Initiation  Fees : 

From  active   members 

From   associate   members 


iSl.O.jO.Gl 

*1.059.91 

506,91 

2,125.03 

264.50 

45.50 

2.941.94 

85.00 

300.00 

385.00 
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-Receipts  from  Sale  of  I'ulilications  : 

From  Transactions   1,011.50 

From   Branner   Ribliography 2.00 

P'rom   sale  of   Seder's  Collected   Writings....  28.25 

From    reprints    182.47         1,224.22 

Total   .ft5,611.07 

Receipts   hrouglu    forward $5,611 .07 

DISBURSEMENTS 

Publication  of  Volume  XVITI  : 

Stenographic   report   $l.j5.00 

Drawings,    illustration    and    engravings 550.18 

Printing,   binding  and  casing 1,465.59 

Editor's  salary  ($600)  and  expenses  (.*11.1I).  611.11        2,781.88 
Expenses   of    delegates    to   meeting   of    Com- 
mittee  on    Pul)lication 27.65 

Reprint   of   article    for   author 4.00              31.65 

Paid   for  .Vdministration : 

Salary   for  .'Assistant   Secretary 300.00 

Extra   clerk  hire 139.25 

Postage,    stationery   and   supplies 202.50 

Insurance  and  storage  on  society's  property.  55.50 

Telegraph   and   telephone 3.96 

Transportation   of   publications    (express   aitd 

mail)   327.03 

Binding  and  casing  early  volumes 35.00 

Expense  of  convention   including  Section  Q.  213.48 

Check  returned  on  account  of  no  funds 5.00 

Refund   of   overpaid   dues 5.00 

Expenses  of  Summer  meeting  Committee....  21.70         1,308.42 

Total   $4,121  95 

Cash  balance  in  bank 1,489.12 

Total  $5,611.07 

Tlie  expenses  of  [uihliaition  arc  sli,t,ditly  higher  this  vear, 
and  tiie  oiitstaiuiing  account  chic,  and  chargeable  to  this  item, 
would  bring  the  total  still  higher.  The  indications  are  that  in- 
creased cost  of  paper,  and  practically  everything  else,  will  make 
a  coiisider.ihlc  increase  again  necessary  for  the  ensuing  volume. 
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The  Expenses  of  Administration  have  increased  about 
$100.00,  largely  due  to  the  assumption  by  the  Society  of  bind- 
ing and  Section  Q  expenses.  The  expenses  have  been  kept  well 
within  the  income  and  there  is  no  ground  for  doubt  that  the 
Society  will  be  able  to  stand  the  increased  cost  of  these  ab- 
normal times,  without  serious  inroad  upon  its  reserve,  or  change 
of  its  financial  policy. 

PUBLICATIONS 

The  sale  of  publications  has  shown  some  gratifying  ten- 
dencies. The  gross  sales  are  better  than  in  any  recent  year, 
and  the  sales  of  the  current  year's  volume,  and  last  year's  volume 
are  markedly  higher  than  ever  before.  "  There  is  a  reduction 
in  the  number  of  sales  of  complete  sets,  which  is  natural.  The 
amount  of  literature  on  hand  remains  a  little  less  than  a  year 
ago,  as  shown. 

Publications 


Nl'MBEK. 

NUMBER 

REMAINING 

ON    HAND 

1916.   ' 

SINCE. 

-"'•             CHA^ 

:5c.s 

NUMBER 

FEB.    1st, 
1916. 

BOOK 
ACCOUNT. 

I            

144 

102 

141 

116 

82 

111 

119 

99 

fi2 

9-5 

130 

81 

181 

99 

129 

176 

218 

... 

7.51 

8 
10 

7 

7 

8 
11       1       . 

» 

1.36 

II      

92 

Ill      

134 

IV   

\'  

VI    

109 
74 
100 

VII      

.:.        9  r  . 

5      1. 

110 

VIII    

94 

IX                

750 

3      1       . 
10      1       . 
0      1 
8      1      . 
6      1      . 

10  1      . 

11  1       . 
14      1       . 
82      1       . 

551    1      ; 

59 

X                  

85 

XI    

125 

XII           

78 

XIII           

175 

XIV 

89 

XV    

118 

XVI      

162 

XVII        

1.36 

XVIII    

Branner    Bibliography... 

179 
744 

Totals 

2836             7.50 

'0 

2788 

I 
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SUMMER  SESSION 

A  very  satisfactory  summer  session  was  held  August  23- 
24-25  at  St.  I.ouis.  Mo.,  participated  in  by  about  fifty  persons, 
forty  members  and  ten  guests.  The  weather  was  perfect,  and 
arrangements  bv  ibc  efticient  local  committee  were  carefully 
carried  out. 

Tbc    Itinerary    was   as    follows: 

ircditr.ulay.  A.   M. 

Plant  of  the  Mississippi  Glass  Company,  where  the  manu- 
facture of  ligured  window  glass,  and  wire  glass  was  shown. 
Plant  of  the  Walsh  Fireclay  Produce  Company,  Manufacturing 
glass  house  refractories,  and  general  refractories. 

Wednesday,  P.  M. 

Plant  No.  3  of  the  Hydraulic  Press  Brick  Company, 
manufacturing  rough  texture  face  brick.  Plant  \o.  11,  same 
company,  making  vertical  fiber  paving  brick.  Plant  No.  5, 
same  company,  making  dry-pressed  common  brick,  and  biscuit 
brick  for  enameling.  The  Enamel  Brick  plant  same  company, 
making  glazed  and  enameled  face  brick. 

Thursday,  A.  M. 

Evans'  and  Howard's  Manchester  .A\enue  Plants,  making 
fire  brick,  fireclay  goods,  and  a  general  line  of  construction  ma- 
terials. St.  Louis  Terra  Cotta  Company's  Plant,  making  plain 
and  glazed  architectural  terra  cotta. 

Thursday.  P.  M. 

Luncheon  at  the  Laclede-Christy  Clay  Products  Company's 
offices,  followed  by  visit  to  their-  works.  Party  divided  at  this 
point,  ])art  of  them  going  to  the  Winkle  Terra  Cotta  Company's 
Plant,  and  the  others  through  the  Laclede-Christy  Testing 
Laboratory.  Reunited,  the  party  went  through  the  Blackmer  and 
Post  Sewer  Pipe  Company's  plant,  where  large  sized  sewer  pipe 
are  the  specialty,  and  lastly  through  the  Parker-Russell  Mining 
and  Manufacturing  Company's  plant,  making  refractory  ma- 
terials  for  gas  works,  smelters,  and  the  general  trade. 
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Friday. 

The  party  went  by  river  steamer  to  Alton,  Illinois,  and 
inspected  the  large  plant  of  Mr.  Eben  Rogers,  manufacturing 
paving  brick,  with  continuous  kiln.  A  local  strike  prevented  the 
last  visit  of  the  day.    The  party  broke  up  on  arrival  in  St.  Louis. 

The  evenings  were  spent  by  the  party  in  dining  together, 
and  later  visiting  the  theater  or  amusement  parks.  All  reports 
indicate  the  whole  occasion  as  most  successful  and  profitable 
for  all  who  attended. 

STUDENT  BRANCHES 

Two  more  Student  Branches  have  been  formed,  one  at 
the  University  of  Illinois,  and  one  at  the  Iowa  State  College. 
In  both  instances,  the  occasion  was  made  a  somewhat  formal 
one.  President  Barringer  installed  the  Illinois  Branch,  and 
Professor  Bleininger  performed  the  same  service  for  the  Iowa 
Branch. 

The  reports  of  the  councillors  of  these  branches,  and  the 
others,  will  be  found  in  the  appropriate  place  in  the  proceed- 
ings. The  propriety  and  advantage  to  the  Society,  and  to  all 
concerned,  of  establishing  sections  of  the  Society  at  other 
Ceramic  centers,  should  be  considered  Ijy  the  Society. 

COMMITTEE    ON    RULES    GOVERNING    PUBLICATIONS 

As  the  result  of  some  discussion  in  the  Society,  a  committee 
was  appointed  at  the  last  meeting  to  consist  of  the  Publication 
committee  and  two  others  to  be  appointed  by  the  Chair,  to  con- 
sider the  subject  of  the  publications  of  the  Society,  and  to 
formulate  such  added  regulations  or  rules  for  the  guidance  of 
members  in  submitting  contributions,  or  for  the  editor  in  pre- 
paring them  for  publication,  and  with  instructions  to  prepare 
a  written  report  prior  to  the  publication  of  another  Volume 
of  the  Transactions.  The  Publication  Committee  consisted  of 
Edward  Orton,  Jr.,  Secretary,  Herford  Hope,  Treasurer,  Arthur 
S.  Watts,  Editor,  and  Messrs.  Ellis  Lovejoy  and  A.  V.  Bleinin- 
ger were  appointed  as  the  two  other  members. 

This  committee  held  a  meeting  at  Columbus.  Ohio,  in  the 
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latter  part  of  March,  1916,  and  formulated  a  rci)ort.  which  was 
duly  presented  tcj  the  Hoard  of  Trustees,  April  6th,  and  was 
approved  by  them,  .\|iril  15th.  and  ordered  printed  and  dis- 
tributed, which  has  been  done,  in  Circular  No.  4,  Series  iS, 
dated  A])ril,   1916. 

By  this  report,  Rule  VII  is  not  altered  or  amended,  but  a 
considerable  mass  of  additional  matter  has  been  added  in  the 
form  oi  regulations,  which  may  be  changed  by  vote  of  the 
Society,  without  the  formality  of  amending  the  rules.  These 
regulations  put  the  matter  of  publication  and  editing  upon  a 
much  clearer  basis  than  ever  before,  and  should  result  in  im- 
proved work.  No  piece  of  committee  work  undertaken  by  the 
Society  has  ever  been  put  through  in  more  efYective  way 
than  this. 

ASSOCIATE  MEMBERSHIP  AS  PRIZES 

During  the  current  year.  'Ihe  Brick  and  Clay  Record,  of 
Chicago,  through  their  editor,  organized  a  competition  among 
students  in  Ceramic  Schools  for  the  best  articles  upon  Ceramic 
Subjects,  the  same  to  be  judged  by  a  committee,  who  should 
not  know  the  identity  of  the  writers  of  the  respective  papers. 
As  a  result,  six  papers  were  submitted,  and  judged,  and  the 
two  winners  were  awarded  money  to  cover  their  initiation  fees 
and  one  year's  dues  in  this  Society.  The  winners  both  filed 
their  applications  and  have  been  duly  admitted  as  Associate 
members.     Tlieir  names  are  : 

Earl  E.  Lehman,  Peoria,  111. 
B.  T.  Sweely,  Ames,  Iowa. 

The  desirability  of  this  same  practice  being  taken  up  by 
firms,  local  sections,  ceramic  fraternities,  or  groups  of  any  kind 
seems  clear,  and  it  is  hoped  will  lead  to  future  gains  in  member- 
ship, and  in  growth  of  interest  in  the  subject. 

CONCLUSION 
The  work  of  the  Society  is  in  a  flourishing  condition.     Its 
membership  is  at  the  highest  point.     Its  financial  strength   was 
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never  greater.     Its  publication  was  never  larger  and  better,  and 
the  spirit  and  enthusiasm  of  the  membership  seems  good. 
Respectfully  submitted, 
For  THE  BOARD  OF  TRUSTEES, 

Edward  Orton,    Jr.,  Sec. 


REPORT   OF  BEAVER  SECTION 

ERNEST    JIAVER,    COUNCILOR. 

Regular  meeting  was  held  April  13th.  1916,  at  Brighton 
Club.  New  Brighton,  Pa. 

Mr.  R.  R.  Hice  gave  a  resume  of  the  papers  read  at  the 
Eighth  Annual  meeting  of  American  Ceramic  Society  held  at 
Cleveland,  Feb.  21-24,  1916. 

The  following  subjects  were  taken  up  and  discussed  very 
thoroughly,  Sagger,  Wash,  and  Coal  suitable  for  Kiln  Firing. 
Attendance  at  the  meeting  14. 

Meeting  June  22nd,  19 16,  at  8  P.  AI.,  Brighton  Club.  Xew 
Brighton,  Pa.,  twelve  persons  present,  2  from  Pittsburgh,  2 
from  East  Liverpool  and  i  from  New  Castle. 

Mr.  A.  V.  Bleininger  of  the  Bureau  of  .Standards  read  a 
most  interesting  paper  on  "The  Properties  of  Some  European 
Bond  Clays".     An  interesting  discussion   followed  the  address. 

A  discussion  on  effect  of  substituting  Quartz  for  French 
Flint  brought  out   some  very   interesting  information. 

Meeting  held  at  Brighton  Club,  New  Brighton.  Pa.,  Nov. 
9th,  1916,  at  8:30  P.  M.,  10  persons  present. 

The  following  oPficcrs  were  elected : 

F.  W.   Walker.  Jr Chairman 

F.    McDonald Vice    Chairman 

H.   Hope    :  . .  .  Secretary 

W.   S.   Mayer Treasurer 

E.  Mayer   Councilor 

Tlie  address  of  the  e\ening  was  by  Mr.  R.  R.  Hice  on 
"Coal  for  Kiln  Burning"  from  which  valuable  information  was 
obtained. 

Regular  meeting  was  held  January  18th.  191 7,  at  Brighton 
Club.  New  Brighton.  Pa.,   12  persons  present. 

There  was  discussion  on  the  following  subjects:  ".Appliance 
for  Elimination  of  Manual  T,ahor  in  Reference  to  Stove  Rooms", 
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"The  Best  Methods  of  Charging  Large  Ball  Mills  Used  for 
Body  Grinding",  and  a  very  interesting  discussion  on  Pyrome- 
tersan  Iron  Constantan  Couple  as  used  by  Bureau  of  Standards 
give  great  promise  of  usefulness. 


REPORT  OF  OHIO  STATE  UNIVERSITY  STUDENT 
BRANCH 

ARTHUR   S.    WATTS,   COUXCILOR. 

For  the  Ohio  State  Student  Branch,  I  desire  to  report  a 
\ery  flourishing  condition.  We  have  forty-six  active  members. 
The  freshmen  students  not  being  registered  as  ceramic  engineers 
do  not  l^ecome  eligible  for  membership.  The  following  meetings 
were  held  during  the  present  school  year : 

C)ct.  10 — Reception  to  new  members  and  election  of  officers. 

\^ov.  22 — Talk  b}'  H.  I-.  Longenecker  on  "High  Speed 
Kilns". 

Dec.  19 — Talk  by  T.  W.  Garve  on  "Richardson  Producer 
Gas  Fired  Continuous  Kiln". 

Jan.  16 — Talk  by  Ellsworth  Ogden  on  "The  Continuous 
Car  Kiln  of  the  Scott  Process  Company". 

Feb.  13 — Annual  Pig  Roast  in  Department  Hall.  Toast 
by  Professor  Edward  Orton,  Jr. 

March  13 — Talk  by  Mr.  L.  E.  Eisensmith  of  the  American 
Blower  Co.,  on  "Problems  Met  in  the  Drying  of  Brick". 

April  17 — Talk  by  Dr.  W.  J.  McCaughey  on  "The  .\ppli- 
cation  of  the  Microscope  to   Ceramic   Problems". 

May  15 — Talk  bv  Mr.  Haigh  on  "The  Haigh  Continuous 
Kiln". 

Enthusiasm  is  running  very  high  at  Ohio  State  University, 
chiefly  because  of  an  abnormal  demand  for  ceramic  engineers. 
Our  recent  graduates,  as  well  as  those  who  have  been  out  many 
3'ears,  send  us  very  encouraging  reports  of  a  constantly  improv- 
ing relation  between  the  industries  and  the  ceramic  engineers. 
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REPORT  OF  NEW  YORK  STATE  STUDENT  BRANCH 

CIIAKLICS    1-.    lilXXS,    COLNCILOK. 

The  aim  of  the  Branch  has  been  to  arrange  programs 
which  as  far  as  possiijle  should  be  carried  out  by  the  students 
themselves.  Members  of  the  Faculty  have  been  in  constant 
attendance  at  the  meetings  but  have  in  only  a  few  cases  taken 
entire  charge  of  the  proceedings. 

The  first  meeting  held  in  September  was  devoted  to  organ- 
ization. The  chairman  who  had  been  elected  the  previous  year 
had  decided  not  to  return  to  College  so  that  an  election  became 
necessary.  Mr.  Mark  Shepi)ard,  a  senior,  was  chosen  and  a 
program  committee  was  elected.  It  was  decided  to  hold  one 
meeting  each  month. 

.\t  the  October  meeting  Mr.  Ayars.  a  senior,  gave  an  ac- 
count of  the  work  in  which  he  had  been  engaged  during  the 
Summer.  He  had  secured  employment  at  the  plant  of  the  Sun 
Brick  Company  at  Toronto,  Canada.  The  production  of  Denni- 
son  interlocking  tile  was  fully  discussed  and  the  speaker  showed 
that  he  had  made  himself  familiar  with  the  details  of  die 
construction   and   the  general  processes  of  manufacture. 

The  interest  aroused  by  this  meeting  was  so  great  that  the 
action  which  decided  upon  one  meeting  each  month  was  rescinded 
and  it  was  voted  to  hold  two  meetings  monthly. 

On  October  24  Mr.  Blumenthal,  a  member  of  the  Junior 
class,  gave  an  account  of  his  summer  practice.  He  had  been 
employed  by  the  Olean  Tile  Co.,  Glean,  New  York,  in  the 
manufacture  of  vitrified  floor  tile.  This  company  was  making 
additions  to  the  plant  so  that  some  experience  in  construction 
was  gained.  Mr.  Blumenthal  had  been  assisting  in  the  general 
manufacttn'e  and  especially  in  kiln  burning.  Natural  gas  was 
used  and  the  kilns  were  regulated  b}'  the  gas  pressure  in  a  simple 
manometer.    A  brisk  discussion  followed  the  talk. 

.\t  the  meeting  held  on  November  14  there  was  a  discus- 
sion as  to  the  admission  of  lower  classmen  to  the  Society.  As 
the  Freshmen  in  the  New  York  State  School  are  regularly  en- 
rolled  in  ceramic  ensjineerine  it   was   voted  that  all   students  so 
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enrolled  be  admitted  as  members.  Prof.  Shaw  who  had  been 
appointed  professor  of  Ceramic  Engineering  at  the  opening  of 
the  school  year,  gave  a  talk  on  the  production  of  enamels  for 
iron  and  steel. 

At  this  time  some  important  changes  took  place  which 
greatly  atifected  the  work  of  the  Branch.  Mr.  Sheppard  dropped 
out  of  the  course  for  the  remainder  of  the  year  and  therefore 
resigned  from  the  chairmanship. 

Only  one  meeting  was  held  in  December  and  on  this  occa- 
sion the  students  entered  upon  a  lively  discussion  as  to  the 
course  of  study.  Some  excellent  criticisms  were  made  and 
these  have  since  been  taken  into  consideration  by  the  Faculty. 

As  the  Christmas  vacation  intervened  here  the  next  meet- 
ing was  held  on  January  9,  1917.  This  was  placed  in  charge 
of  the  Sophomore  class  and  several  interesting  subjects  were 
brought  up  for  discussion. 

At  the  meeting  held  on  February  13  Prof.  Binns  gave  an 
account  of  the  dedication  of  the  new  Ceramic  Building  at  the 
Illinois  State  University  which  he  had  attended  and  at  which 
he  had  delivered  an  address.  This  was  followed  by  reports  on 
thesis   work  given  by  members  of  the  Senior  class. 

The  meeting  on  February  27  was  made  a  symposium  on 
cements.  Mr.  King  spoke  on  oxychloride  cements,  Mr.  Blumen- 
thal  on  Portland  Cements,  Mr.  Ayars  on  Natural  and  Pozzuo- 
lane  Cements  and  the  discussion  was  summed  up  by  Prof.  Shaw. 

The  meeting  on  March  13  was  made  a  social  event  to  which 
the  members  of  the  Department  of  Applied  Arts  were  invited. 
The  delegates  who  had  attended  the  convention  of  the  American 
Ceramic  Society  in  New  York  City  gave  reports  of  the  meet- 
ings and  the  papers  which  had  been  prepared  by  students  and 
read  there  were  given  before  the  assembled  school.  Miss 
Saunders  read  her  paper  on  "The  Crawling  of  Matt  Glazes", 
Miss  Wells  hers  on  "The  Duplication  of  an  Ancient  Ware" 
and  Mr.  Sutton-  his  on  "The  Interchange  of  Quartz  and  Flint 
in  Pottery  Bodies". 

Prof.  Binns  summed  up  the  meeting  and  ga\e  his  impres- 
sions of  the  National   Conventions. 

On    April    18    Prof.    Binns   gave   an    illustrated   lecture   on 
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PyroiiK-try  using  a  luiniber  of  excellent  slides  which   had  been 
loaned  by  Mr.  Charles  Juigelhardt  of  Xew  York  City. 

'  )n  April  24  Prof.  Shaw  gave  an  illustrated  lecture  on  the 
construction  and  operation  of  lly-Product  Coke  Ovens. 


REPORT  OF   UNIVERSITY   OF  ILLINOIS   STUDENT 
BRANCH 

R.    K.     liARSH,    COUNCILOR. 

-A  petition  to  organize  a  Student  Branch  of  the  American 
Ceramic  Society  was  presented  in  accordance  with  the  rules 
at  the  Annual  Meeting  in  1916  by  representatives  of  the  Ceramic 
Club  at  the  University  of  Illinois.  Notification  was  received 
shortly  after  that  the  petition  had  been  granted  and  President 
Barringer  suggested  that  a  date  be  arranged  for  installation. 

Steps  were  then  taken  toward  re-organization  of  the  Club 
and  application  was  made  to  the  Council  of  .Administration  of 
the  University  of  Ilinois  for  pennission  to  form  the  new  Society. 
As  arrangements  were  not  completed  until  rather  late  in  the 
semester,  it  was  thought  best  to  postpone  installation  until  Fall. 

The  time  of  the  Dedication  of  the  new  Ceramics  Building 
at  the  University  seemed  to  be  best  suited  for  the  ceremonies 
of  installation  of  the  Student  Branch  and  arrangements  were 
made  for  December  7th,  1916.  On  that  evening  a  meeting  of 
the  Ceramics  Club  was  called  to  order  by  the  President,  C.  E. 
Bates,  for  the  purjiose  of  re-organization  and  installation  of 
the  University  of  Illinois  Student  Branch  of  the  American 
Ceramic  Society. 

Following  the  disbanding  of  the  Ceramics  Club  the  meet- 
ing was  called  to  order  with  the  following  temporary  officers : 
Chairman,  C.  E.  Bates ;  \ice-Chairman.  A.  D.  Christopher : 
Secretary,   R.   M.   Chittenden. 

President  L.  E.  Barringer  was  introiluced  as  the  represen- 
tative of  the  American  Ceramic  Society  and  made  the  principal 
address  of  the  evening  and  conferred  the  charter  for  the  new 
Student  Branch.  Past-Presidents  of  the  Ceramic  Society.  C. 
F.  Binns,  A.   \'.   lUciningcr.  R.  C.   Purdy  and  C.  W.   Parmelee 
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were  present  and  gave  short  talks  to  the  new  organization.  Mr. 
W.  P.  Blair,  Secretary  of  the  X.  P.  B.  :\I.  A.,  Mr.  J.  E.  Ran- 
dall, and  Prof.  E.  W.  Washburn  also  spoke.  Greetings  to  the 
new  Student  Branch  from  the  Illinois  Sections  of  the  American 
Institute  of  Electrical  Engineers  and  the  American  Society  of 
^Mechanical  Engineers  were  expressed  by  Air.  L.  \'.  James. 

The  report  of  a  committee  on  constitution  was  presented 
and  adopted.  Officers  of  the  Student  Branch  were  elected  for 
the  remainder  of  the  semester,  as  follows :  Chairman.  C.  E. 
Bates:  \'ice-Chairman,  A.  D.  Christopher;  Secretary-Treasurer, 
R.   M.  Chittenden. 

The  charter  membership  numbered  twenty-two.  The  meet- 
ing was  then  adjourned  to  the  Beta  Theta  Psi  Fraternity  House 
where  a  smoker  was  held  in  honor  of  President  Barringer  and 
the  guests  of  the  orgamization. 

At  the  regular  meeting  of  the  Student  Branch  on  January 
II,  1917,  ofificers  were  elected  for  the  second  semester:  Chair- 
man, J.  \\'.  \\'right ;  \'ice-Chairman,  G.  E.  Sladek :  Secretary- 
Treasurer,  J.  L.  Crawford.  Uwing  to  a  conflict  in  program 
arrangements  the  meeting  was  adjourned  to  attend  a  lecture 
and  discussion  of  "Brick  Paved  Highways",  before  the  High- 
way Engineering  Short  Course  which  was  being  held  at  the 
University  at  that  time. 

At  the  regular  meeting  of  February  8th,  papers  were 
presented  by  Mr.  C.  A.  Stone  on  "The  History  of  Enameling", 
and  by  Mr.  Gordon  Klein,  on  ""Alodern  Alethods  in  Enameling 
of  Sheet  Steel". 

At  the  regidar  meeting  of  February  22d,  papers  w-ere  read 
by  Mr.  R.  W.  Hummeland  on  "The  Life  of  Josiah  Wedgwood", 
and  by  Air.  G.  E.  Sladek  on  "The  Life  of  Bernard  Palissy". 
These  papers  were  the  first  of  a  series  on  the  "General  Subject 
of  Pottery"'.  Later  a  series  of  papers  will  be  presented  on 
"The  General  Subject  of  Glass." 

The  present  membership  of  the  Student  Branch  is  twenty- 
five. 
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REPORT  OF  IOWA  STATE  COLLEGE  STUDENT 
BRANCH 

JIOMKR    !■■.   .STALK\'.    I  Of  .\(  1  LdK. 

The  installation  of  the  Ames  Student  ISranch  of  the 
^American  L'eraniic  Society  was  conducted  on  January  i6th, 
lyij,  at  Ames,  Iowa.  Professor  A.  V.  Bleininger  of  the  Bureau 
of  Standards,  as  a  trustee  of  the  American  Ceramic  Society, 
and  acting  for  the  president,  presented  the  charter.  Mr.  Bert 
Sweely  was  elected  chairman  and  Mr.  Lowell  Hewitt,  secretary- 
treasurer  of  the  new  Branch.  Homer  F.  Staley  had  previously 
been  designated  as  councilor  by  the  Board  of  Trustees  of  the 
Society.  The  newly  elected  chairman  then  thanked  Professor 
Bleininger  and  the  parent  society  for  the  honor  conferred  on 
the  Ames  Student  Branch.  Short  addresses  were  made  by  W'. 
J.  Goodwin,  president  of  the  Iowa  Clay  Products  Manufac- 
turers' Association ;  by  C.  B.  Piatt  who  for  many  years  was 
secretary  of  the  Iowa  Clay  Products  Manufacturers'  Association, 
and  who  was  largely  instrumental  in  having  the  ceramic  de- 
partment established  at  Iowa  State  College ;  by  H.  R.  Straight, 
president  of  the  Permanent  Buildings  Society  of  Iowa ;  and  l)y 
Homer  F.  Staley,  professor  of  Ceramic  Engineering  at  Iowa 
State  College.  , 

The  installation  was  conducted  during  the  week  of  the 
annual  Ceramic  Institute  and  Clay  Products  Manufacturers'  con- 
vention at  Iowa  State  College.  The  members  of  the  Iowa  Clay 
Products  Manufacturers'  Association  and  of  the  Permanent 
Buildings  Society  of  Iowa  attended  in  a  body;  over  150  ceramic 
men  being  present. 

The  Branch  started  witlr  a  charter  membership  of  12  which 
has  since  grown  to  14.  From  the  time  of  the  installation  of 
the  Branch  until  the  closing  of  school,  meetings  were  held  every 
two  weeks.  The  students  have  evinced  great  interest  in  the 
work  of  the  Society  and  they  seem  to  be  deriving  considerable 
])rotit  from  their  association. 
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IN  MEMORIAM 


•    CHARLES  WEELANS 

Cliarles  ^^'eela^s,  a  former  IVesident  of  our  Society,  died 
on  December  12th,  1916,  after  a  very  brief  illness. 

He  was  born  on  the  17th  of  June,  1863,  in  Barnaby.  York- 
shire, England.  While  still  an  infant,  his  parents  emigrated  to 
this  country  and  settled  in  Trenton,  N.  J.  At  the  early  age 
of  fifteen  he  was  put  to  work  in  a  pottery.  At  twenty-five,  he 
was  made  superintendent  of  the  Upper  Greenwood  Pottery. 
Subsequently,  he  was  connected  with  the  Trenton  Potteries 
Company,  and  then,  about  twenty-one  years  ago,  with  some 
friends,  he  established  the  ^Monument  Pottery  with  which  he 
was  connected  until  last  January.  In  July,  he  undertook  the 
building  of  one  of  the  largest  Sanitary  Manufacturing  Potteries 
in  the  Country  at  New  Brighton,  Pa.,  where  his  plans  and  ac- 
tixities  were  stayed  by  the  hand  of  death. 

Air.  \Veelans  was  a  man  of  sterling  qualities  which  en- 
deared him  to  all  his  friends.  He  was  devoted  to  the  interests 
of  this  organization,  and  was  an  untiring  worker  in  the  interests 
of  ceramic  education.  Unselfish,  warm-hearted,  and  loyal ;  we 
who  knew  him.  loved  him,  and  mourn  his  untimelv  passing 
from  our  circle. 

WALTER  A.  DENMEAD 

\\'alter  A.  Denmead  died  .-uddenly  at  Schenectady.  X.  Y., 
on  April  8th.  1917. 

Mr.  Denmead  was  a  graduate  of  the  course  in  Ceramics 
at  the  Ohio  State  University,  class  of   1910. 

In  1912  Mr.  Denmead  entered  the  employ  of  the  General 
Electric  Company  at  Schenectady,  N.  Y.,  as  a  ceramic  specialist 
to  work  upon  the  development  of  various  ceramic  products  used 
as  insulating  materials  for  electrical  apparatus.  He  was  actively 
engaged  in  many  problems  connected  with  the  manufacture  of 
electrical  porcelain,  enameled  metal  and  enameled  ware  special- 
ties.    At   the  time   of   his   death   he   had  became   an   important 


CHARLES  WEELANS 

President  1911-12 

Died  Dec.  12th,  !916 
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(.•onlrihulor  lo  the  (le\cl(5])meiit  of  the  (ieneral  l^leetrie  Coni- 
]);iny's  ceramic  products  and  was  engaged  in  research  and 
devcloi)ment  work  of  a  high  order. 

At  the  last  meeting  of  the  American  Ceramic  Society  Mr. 
Dennicad  liad  l^een  elected  to  full  membershijj  and  was  also 
made  chairman  of  the  newly  created  Committee  on  Standards. 

In  technical  and  ])r()fcssional  standing  ^^r.  Denmead  ranked 
hi,L;h  amongst  his  associates,  while  his  genial  ])ersonality  won 
Iiini  many  friends  not  onl)-  amongst  the  ceramic  profession,  htit 
throughoul  llie  community  in  which  he  resided. 

.\t  the  time  of  his  death,  when  only  twenty-nine  years  of 
age,  he  had  entered  n|)nn  what  ])romisetl  to  be  a  most  success- 
ful career. 

LEONARD  B.  COULTER 

In  the  death  of  Mr.  Leonard  1!.  Coulter  which  occurred  on 
October  2()th,  lyiCi.  the  .\merican  Ceramic  Society  has  lost 
one  of  its  most  loyal  and  faithful  members.  Mr.  Coulter  was 
a  man  of  extremely  modest  disposition  and  was  at  no  time 
inclined  to  put  himself  forward.  Despite  this  fact,  he  possessed 
a  large  circle  of  friends  who  had  learned  to  ap])reciate  his 
sterling  qualities,  his  transparent  honesty,  integrity,  and  kindli- 
ness of  heart. 

Mr.  Coulter  was  liorn  near  (  )xford,  (  )hio,  Xovemher  24th, 
1S77,  and  upon  completing  the  training  of  the  (Oxford  Public 
and  High  School,  he  entered  Miami  Uni\ersity  from  which 
institution  he  was  graduated  in  1898.  During  his  college  course 
lie  specialized  in  chemistry  and  physics.  After  several  years 
of  work  in  ditifercnt  lines  he  entered  the  course  in  ceramic  en- 
gineering at  the  ( )liii)  .State  Cnixersitv  which  he  com])leted  iri 
1904.  lie  then  entered  the  cmplov  of  Professor  Orton  as 
Suiierintendent  of  the  pynmietric  cone  factory  at  Columbus, 
a  place  which  he  held  until  igo8.  At  that  time  he  accepted  the 
position  of  research  Ceramic  Engineer  with  the  Carborundum 
Comjiany  at  Niagara  Falls,  X.  "S'..  where  he  remained  until 
his  dealh. 

Mr.  Coulter  contrilnUed  several  papers  to  our  Transactions 
as  follows : 
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A  Comparative  Study  of  Cornwall  Stone  and  Feldspaj- 
in  Raw  Lead  Glazes. 

Note  on  the  Fluxing  Etfect  of  the  Addition  of  Clay  to 
Cone  Mixtures  Containing  Little  or  Xo  Clay. 

Influence  of  the  Rate  of  Cooling  on  the  Toughness  of 
Vitrified  Paving  Brick. 

During  the  summer  of  1916  our  friend  had  heen  ailing 
and  finally  his  heart  became  affected,  a  condition  which  caused 
his  death  on  October  2ftth  at  Niagara  Falls.  His  body  was 
taken  to  Fort  Worth,  Texas,  and  interred  in  Greenwood  Cem- 
etery. In  him  his  family  lost  a  loving  husband  and  father,  his 
employers  a  man,  valuable  in  the  councils  of  the  organization, 
and  we,  his  friends,  a  true  hearted  comrade.  We  join  with  the 
bereaved  family  in  mourning  his  loss. 


PAPERS  AND  DISCUSSIONS 
(67) 


PRESIDENTIAL   ADDRESS 

LAWKFNCr.    !■:.    HAKRINGER,    SCHENECTADY,    N.    Y. 

Ill  coiuluctiiit;  the  affairs  of  any  organization  it  is  well  to 
occasionally  jjause  and  lake  a  survey  of  what  has  been  accom- 
plished, to  review  the  purposes  and  activities  of  the  organization 
and  to  apply  the  results  of  this  introspective  study  to  the  formu- 
lation of  plans  for  the  future.  In  such  reviews  it  is  nearly 
always  found  that  certain  lines  have  become  unintentionally  over- 
extended, other  phases  of  the  work  have  been  somewhat  neglected 
or  have  not  kept  pace  with  changing  conditions  and  that  in  nearly 
all  branches  of  the  work  a  better  idea  can  be  had  of  the  best 
means  of  carrying  along  the  work  in  the  future.  Certain  activities 
will  be  found  in  such  condition  as  needs  no  further  stimulation 
Init  will  automatically  progress  as  planned  whereas  others  will 
require  more  attention,  either  because  of  lack  of  organized  efifort 
btliind  them  or  of  having  been  brought  into  a  position  of  greater 
relative  importance,  by  industrial  or  other  changes,  than  was 
originally  anticipated.  In  a  commercial  enterprise  the  annual 
report  serves  this  double  purpose  of  ascertaining  the  net  results 
of  accomplishment  during  a  year  just  closed  and  of  providing 
a  l^asis  upon  which  to  carry  on  the  work  during  a  period  just 
commencing. 

It  is  in  this  spirit  of  using  the  experience  of  the  past  and 
present  to  obtain  a  clearer  perspective  of  the  immediate  future 
that  I  wish  to  bring  to  your  consideration  a  few  matters  to  which 
T  have  given  thought  since  our  last  annual  convention  at  Cleve- 
land a  year  ago. 

The  American  Ceramic  Society  was  originated  and  held  its 
lirst  meeting  in  February,  1899,  at  Columbus,  Ohio,  since  when 
its  affairs  have  been  wisely  and  conservatively  managed  and  con- 
ducted in  accordance  with  the  commendable  principles  of  its 
founders.  Much  indeed  has  been  accomplished  and  the  field  of 
technical  ceramic  knowledge  has  been  lifted  from  an  obscure  and 
cliaotic  condition  and  placed  upon  an  orderly  and  organized 
(<W) 
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basis. ^  The  Society  has  put  its  hands  firmly  upon  the  plough 
of  progress  and  driven  it  deep  through  the  hard  crust  of  tradi- 
tion and  inertia.  Technical  ceramic  education  and  ceramic 
knowledge  have  been  advanced  to  a  conspicuously  great  degree. 
Industrial  progress  has  been  stimulated  and  the  quality  of  Ameri- 
can ceramic  products  brought  higher.  Professional  standing  of 
the  membership  has  been  advanced  and  professional  ethics  of 
a  high  order  encouraged.  This  has  been  done  not  only  through 
the  personal  association  of  the  membership  at  the  Society's  con- 
ventions, but  also  through  the  publication  of  papers  and  ad- 
dresses relating  to  the  ceramic  industry,. as  in  other  technical  so- 
cieties, and  it  is  to  be  noted  with  gratification  that  the  range  of 
such  literature  has  constantly  widened  and  the  quality  progres- 
sively improved. 

In  a  Society  founded  and  now  well  established  upon  such 
a  basis,  it  seems  to  me  that  justification  exists  for  extension  of 
activities,  particularly  in  view  of  the  importance  of  the  industry 
which  the  Society  represents. 

MEMBERSHIP 

Examining  our  records  of  niemberslii]),  it  is  apparent  that 
we  have  had  no  mushroom  growth  and  it  is  undoubtedly  to  the 
Society's  interest  that  greater  emphasis  has  been  and  should  be 
placed  upon  the  character  of  the  membership  than  upon  its  mere 
mechanical  size.  Upon  the  other  hand,  membership  should  be 
considered  with  reference  to  the  importance  of  the  industry,  ex- 
tent of  technical  ceramic  education  and  the  relative  growth  of 
similar  societies  representing  proportionately  equal  fields  of  in- 
dustrial work.  The  adjoining  table  and  curves  show  the  relative 
growth  of  the  membership  of  the  American  Chemical  Society, 
American  Institute  of  Mining  Engineers,  American  Institute  of 
Electrical  Engineers  and  the  American  Ceramic  Society  since 
1900.  It  will  be  observed  that  our  rate  of  growth  is  compara- 
tively slow,  but  the  question  may  be  asked  as  to  whether  the  ex- 
tent of  the  ceramic  industry  is  such  as  to  warrant  expectation 
of  a  more  rapid  rate  of  growth  as  compared  to  other  societies. 

'  Past  achievements  were  ablv  descnhed  in  the  presidential  address  of  Mr. 
Chas.    Weelans,    published    in    Volume   XIV   of   the   transactions. 
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The  tabulation  in  table  II  shows  comparative  statistics  in 
1909  and  1914  for  the  chemical,  electrical  and  ceramic  industries 
and  partly  for  the  mining  industry.  This  will  serve  to  indicate 
that  the  ceramic  industry  is  no  mean  rival  of  the  other  great  in- 
dustries in  extent  and  value.  The  membership  of  the  American 
Ceramic  Society  should  reach  a  large  part  of  the  industrial  field 
and  the  benefits  of  increased  membership  in  the  industry  will  be 
mutually  advantageous. 

The  ceramic  industry  is  among  if  not  the  oldest  in  the  world 
and  has  always  been  of  great  economic  importance.  I  need  not 
mention  here  the  many  products  of  clay,  glass  and  cement  which 
enter  into  the  necessities  and  comforts  of  all  mankind. 

With  such  an  industry  there  is  increasing  need  of  technical 
knowledge.  The  American  Ceramic  Society  stands  for  the  ac- 
quirement and  dissemination  of  such  knowledge  and  therefore 
a  greater  membership  will  prove  highly  desirable  to  both  the  in- 
dustry and  the  Society. 

It  is  my  recommendation  that  this  Society,  therefore,  create 
a  standing  committee  on  membership  to  advance  the  growth  of 
the  Society  more  consistently  with  the  industrial  growth  just  in- 
dicated and  with  the  increase  of  ceramic  technical  education 
which  will  be  mentioned  later.  We  are  entitled  to  at  least  one 
thousand  members  immediately  and  an  organized  campaign 
should  be  put  under  way  to  secure  this  increase. 

A  very  much  larger  memljership  is  one  of  the  fundamental 
conditions  necessary  for  expansion  in  other  directions  as  has 
been  proposed  from  time  to  time.  Certain  of  our  members  have, 
for  instance,  requested  publication  of  a  monthly  journal.  This 
undertaking  would  involve  considerable  expense  and  greater 
revenue  can  come  only  from  greater  membership  or  increased 
dues. 

EXTENSION    OF    INFORMATION    WITH     REFERENCE    TO 
CERAMICS  AND  THE  AMERICAN  CERAMIC  SOCIETY 

The  generally  accepted  meaning  of  ceramics  amongst  present 
day  ceramists,  is  that  field  of  activity  dealing  with  the  use  and 
production  of  silicates.  In  some  branches  of  the  industry  sili- 
cates are  produced  from  materials  other  than  silicates,  as  in  the 
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glass  and  metal  divisions,  whereas  in  other  branches  both  the 
raw  materials  and  the  finished  product  are  most  largely  silicates 
as  in  the  clay  and  cement  branches.  There  are  exceptions  of 
course,  as  in  producing  magnesite  brick  or  certain  cements,  but 
even  in  these  the  same  general  processes  of  ceramic  manufacture 
are  followed,  as  forming,  drying,  burning,  grinding,  etc.  The 
great  bulk  of  ceramic  products,  however,  are  silicate -products  and 
there  is  probably  no  branch  of  industrial  work  which  can  be  more 
sharply  or  consistently  classified  and  defined. 

The  term  ceramics  is  still  somewhat  loosely  or  indefinitely 
applied  by  those  not  immediately  interested  in  ceramic  work.  In 
Chemical  Abstracts,  published  by  the  American  Chemical  So- 
ciety, section  19,  is  entitled  "Glass  and  Ceramics"  and  section  20 
"Cement  and  other  Building  Materials".  In  the  first  instance 
the  terms  glass  and  ceramics  are  co-ordinated  instead  of  the  first 
being  subordinated  to  the  general  term  and  in  the  second  instance 
cement  is  classified  with  other  than  ceramic  products.  I  ha\e 
brought  this  matter  to  the  attention  of  the  editor  of  Chemical 
Abstracts  and  am  pleased  to  report  that  there  is  a  disposition  to 
discuss  this  matter  with  representatives  of  our  Society  and  to 
make  such  adjustments  as  will  be  mutually  satisfactory. 

In  the  collection  and  publication  of  Government  statistics 
the  clay,  glass  and  cement  statistics  are  handled  in  dififerent  de- 
partments and  published  in  diliferent  departmental  bulletins.  The 
Geological  Survey  collects  statistics  covering  the  clay  and  cement 
industries  and  the  Bureau  of  the  Census  those  covering  the 
glass  industry.  I  have  taken  up  with  the  ofiicials  of  these  de- 
partments the  advisability  of  handling  these  statistics  as  a  unit 
under  the  designation  "The  Ceramic  Industry,  clay,  glass  and 
cement,"  and  while  there  are  certain  stated  disadvantages  in  such 
an  arrangement,  I  find  that  the  matter  will  receive  consideration 
and  that-  suggestions  from  this  Society  would  be  given  careful 
attention. 

I  mention  these  cases  as  illustrating  the  need  of  active  pre- 
sentation of  the  matter  if  the  term  ceramics  is  to  become  more 
generally  accepted  as  understood  by  this  Society  and  if  the 
various  branches  are  to  become  more  closely   related   in  public 
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and  general  professional  opinion  than  at  present  seems  to  be  the 
case. 

Then  there  is  the  matter  of  literature.  During  the  past  year 
or  so  during  which  electrical  engineers  have  been  active  in  the 
investigation  of  the  causes  of  failure  in  porcelain  insulators  for 
high  tension  transmission  lines,  surprise  has  been  expressed 
amongst  them  of  the  amount  of  investigational  work  in  porcelain 
already  carried  out  by  the  American  Ceramic  Society.  Why 
our  proceedings  were  not  more  generally  known  it  might  be  diffi- 
cult to  explain  and  equally  difficult  to  find  a  satisfactory  means 
of  adjustment. 

With  such  a  question  as  firmer  establishment  of  the  term 
ceramics,  however,  I  would  again  recommend  a  standing  com- 
liiittee  as  the  best  means  of  procedure.  Perhaps  such  a  com- 
mittee would  be  that  of  a  Committee  of  Standards  and  this  com- 
mittee would  finfi  many  other  related  subjects  to  engage  atten- 
tion. 

In  connection  with  the  work  of  the  Committee  of  Standards 
1  would  suggest  revision  and  re-issue  of  the  Manual  of  Ceramic 
Calculations  which  might  be  broadened  and  made  of  much  wider 
general  interest.  In  addition  to  tables  and  information  of  in- 
terest to  ceramic  chemists  or  engineers  it  might  be  advisable  to 
collect  and  tabulate  the  Society's  definitions,  as  formulated  from 
time  to  time,  as  Orton's  "Vitrification",  Burt's  "Faience",  etc., 
together  with  accepted  classifications  of  clays,  ceramic  wares,  etc. 
I  should  like  to  see  a  ceramic  handbook  built  up  on  the  basis 
of  and  replacing  the  old  manual  of  ceramic  calculations  and  such 
a  book  constructed  and  revised  from  time  to  time  by  a  standing 
committee  of  standards  which  would  also  handle  such  questions 
as  securing  proper  use  of  ceramic  terms. 

This  is  a  mere  outline  of  a  suggestion  but  I  am  convinced 
that  a  .Standards  Committee  would  find  much  work  of  im- 
portance. There  would  be  standardization  of  terms  and  of 
methods  of  test.  A  number  of  our  members  have  expressed  a 
desire  to  have  standard  methods  of  testing  clays  and  other  cera- 
mic materials  worked  nut  and  adopted. 
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CERAMIC  EDUCATION 

There  is  a  vital  connection  between  technical  ceramic  educa- 
tion and  the  American  Ceramic  Society. 

In  1894  the  first  course  in  ceramics  in  this  country  was  of- 
fered by  the  Ohio  State  University  with  Professor  Edward  Orton, 
Jr.  as  the  originator  and  first  instructor.  At  first  a  two-year  short 
course  was  established  and  in  1896  a  four  year  or  full  engineering 
course.  This  work  has  grown  steadily  and  today  there  is  a  splen- 
didly equipped  department  with  from  70  to  80  students  enrolled. 

In  igoo  the  New  York  State  School  of  Clay-Working  and 
Ceramics  was  founded  at  Alfred  University,  Alfred,  X.  Y.- 
and  has  grown  into  a  strong  department  of  some  30  or  40 
students.  An  engineering  course  is  ofifered  and  also  special  atten- 
tion given  to  art  pottery  or  decorative  ceramics. 

The  ceramic  course  at  the  University  of  Illinois  was  insti- 
tuted in  1905  and  has  grown  into  a  splendid  department  of  some 
50  or  60  students.  Last  December  there  was  dedicated  a  build- 
ing devoted  entirely  to  the  work  of  ceramics  and  the  mechanical 
equipment  thus  made  available  is  probably  the  most  modern  and 
complete  which  now  exists.  A  full  engineering  course  is  offered 
and  also  advanced  and  special  courses. 

A  department  of  ceramics  was  established  at  Rutgers  Col- 
lege in  1902  with  a  four  year  engineering  course  only.  The 
number  of  students  has  not  been  as  large  as  in  the  departments 
previously  mentioned  and  probably  averages  less  than  15.  al- 
though the  college  is  located  in  one  of  the  leading  clay-working 
states  of  the  country. 

The  University  of  Iowa  established  a  course  in  ceramics  in 
1903-04,  and  the  department  is  in  good  condition  with  from  30 
to  40  students. 

A  department  of  ceramics  was  established  in  the  Oregon 
School  of  Alines^  in  1914  with  a  full  engineering  course,  the 
number  of  students  not  yet  being  known  as  the  technical  course 
is  not  specified  until  the  Junior  year. 


^  See  "Recent  Developments  and  Improvements  at  the  N.  Y.  Sta 
Clay-Working  and  Ceramics."  E.  T.  Montgomery.  Trans.  Amcr.  Cct 
Xri.  Pg.  371. 

*  See  "A  Department  of  Ceramics  in  the  Oregon  School  of  Mil 
Williams.     Trans.   Amer.   Cer.  Soc.    Vol.   XVI,   Pg.  244. 


i'i<i-:sii)i:\TiAi.  ADDUi-.ss  77 

In  addition  to  these  six  established  ceramic  departments 
there  liave  been  special  courses  offered  in  other  educational  insti- 
tutions as  in  the  Geological  DeiJartment  at  Cornell  University  and 
in  the  Central  Technical  School  of  Toronto. 

This  brief  "survey  will  indicate  the  growth  and  extent  of 
ceramic  education  and  the  number  of  young  men  now  being 
trained  for  and  yearly  entering  the  ceramic  industry  and  the 
ceramic  profession. 

It  is  of  importance  that  this  Society  establish  an  early  rela- 
tion with  these  recruits  to  the  profession  and  equally,  if  not  more, 
important  that  the  newly  trained  men  associate  themselves  with 
the  Society. 

Technical  education  may  be  delined  as  the  special  train- 
ing which  helps  to  qualify  a  person  to  engage  in  some  branch  of 
productive  industry.''  In  this  definition  it  should  be  noted  that 
technical  education  is  the  special  training  which  helps  to  qualify 
l)ersons  for  some  particular  industrial  work  and  it  is  inferred 
that  such  specal  training  does  not  usually  completely  prepare  one 
for  successful  participation  in  a  given  field.  There  must  be 
training  supplementary  to  the  technical  education  or  special  train- 
ing. Men  have  risen  to  the  rank  of  captains  of  industry  both 
with  and  without  the  assistance  of  technical  education  and  I  have 
personally  known  two  presidents  of  great  corporations  of  whom 
one  in  youth  received  the  technical  training  of  an  electrical  en- 
gineer, whereas  the  other  had  mastered  for  himself  the  techni- 
calities of  mechanical  engineering  particularly  as  applied  to  the 
building  of  steam  locomotives. 

So-called  technical  education  is  usually  received  at  technical 
schools  or  colleges  and  consists  in  studying  the  science  or  sciences 
to  eventually  engage.  Inasmuch  as  this  education  or  preparation 
serves  simply  as  a  help  or  partial  preparation,  the  question 
naturally  arises  as  to  what  forms  the  other  requirements  essential 
to  success  or  progress  to  a  satisfactory  degree  or  to  the  fullest 
extent  possible  with  given  natural  ability  and  certain  degrees  of 
opportunity. 

The  requirements  for  com]iIete  qualification  other  than  tech- 
nical  education,   might   be   given   as    practical    experience,   good 

*  Encyclopclia   Hyillanun. 
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judgment  and  clear  thinking  in  applying  scientitic  or  technical 
knowledge,  an  apprecation  of  the  work  done  by  others  in  the 
same  line  and  enthusiasm  or  personal  belief  in  the  value  of  the 
work  to  mankind  apart  from  its  commercial  standing.  These 
supplementary  requirements  do  not  necessarily  include  such 
personal  elements  as  initiative,  energy,  executive  ability  and  de- 
termination. 

Amongst  the  available  means  for  acquiring  training  supple- 
mental to  technical  education,  it  is  well  known  that  actual  ex- 
perience gives  the  student  knowledge  of  practical  conditions  as 
well  as  an  opportunity  to  study  the  application  of  scientific  prin- 
ciples to  the  advancement  of  some  particular  line  of  work.  This 
also  affords  an  opportunity  of  observing  the  practical  value  of 
the  work  of  others  and  frequently  stimulates  thought  and  effort 
or  creates  additional  enthusiasm  for  the  art. 

As  a  second  available  means  of  supplemental  training  I  wish 
to  suggest  technical  societies.  A  technical  society  may  be  defined 
as  a  group  of  persons  organized  upon  the  basis  of  common  in- 
terest in  some  particular  line  of  work  to  promote  the  advance- 
ment of  both  the  work  itself  and  of  the  individuals  engaged 
therein. 

Although  stated  in  different  ways,  the  purposes  of  this  and 
other  Technical  Societies  are  fundamentally  the  same,  that  is, 
(  I )  to  advance  the  science.  (2)  to  improve  the  industry,  and 
(3)  to  dignify  and  uplift  the  profession.  In  all  societies  this  is 
to  be  done  primarily  by  meetings  for  the  reading  and  discussion 
of  formal  papers  and  by  the  subsequent  printing  and  circulation 
of  such  papers  and  discussions. 

To  stimulate  interest,  quicken  the  perception  and  broaden 
the  professional  standing  of  the  younger  ceramic  engineers  it  is 
essential  that  early  association  be  formed  with  the  American 
Ceramic  Society.  The  regular  acquisition  of  such  younger  mem- 
bers with  fresh  ambitions,  new  thoughts,  and  desires  for  high 
professional  standing  will  of  course  react  to  form  a  greater  ulti- 
mate strength  of  our  society. 

This  society  will  do  well  to  give  special  attention  to  the 
graduates  of  these  ceramic  courses.  This  is  being  done  in  a 
measure  by  the  recent  institution  of  Student  Branches  but  may 
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be  furthered  by  still  closer  connection.  Here  again  I  would 
recommend  a  committee,  this  time  an  Educational  Committee, 
such  as  that  of  the  American  Institute  of  Electrical  Engineers. 
This  committee  would  not  only  follow  student  work  but  might 
advantageously  co-operate  with  educational  department  heads, 
of  whom  some  would  no  doubt  form  a  part  of  the  committee,  to 
bring  about  a  close  and  active  relation  between  the  best  engineer- 
ing practice  as  revealed  by  the  Society's  proceedings  and  the 
work  offered  to  students  by  the  various  colleges. 

Such  a  committee  of  the  Society  might  often  be  of  value 
in  aiding  ceramic  education  where  it  does  not  seem  to  be  properly 
endorsed  or  supported  by  the  state  or  college  officials,  particularly 
in  the  matter  of  appropriations,  or  where  ceramic  departments 
are  not  receiving  proper  support  from  the  ceramic  profession  in 
the  immediate  state. 

In  the  matter  of  creating  a  closer  relation  between  engineer- 
ing practice  and  under-graduate  studies,  I  have  particularly  in 
mind  the  subject  of  drying,  which  I  am  under  the  impression 
does  not  receive  the  attention  it  deserves  in  under-graduate  in- 
struction. This  is  one  of  the  most  important  features  of  ceramic 
manufacture  particularly  in  high-grade  clay  wares  and  there  is 
much  opportunity  in  this  field  for  the  application  of  strictly 
scientific  principles,  which  will  lead  to  very  marked  reductions 
in  time  of  production,  economy  of  handling  and  a  very  much 
smaller  loss  of  ware. 

I  should  also  like  to  see  undergraduates  stimulated  to  take 
a  greater  interest  in  the  production  of  ceramic  apparatus,  as 
kilns,  driers,  machinery,  etc.  There  are  very  few  technical  cer- 
amic men  in  this  line. 

An  educational  committee  would  keep  the  5M3ciety  informed 
from  year  to  year  as  to  progress  in  all  ceramic  educational  depart- 
ments and  in  following  the  work  of  the  undergraduates  would 
co-operate  with  the  membership  committee  from  time  to  time 
with  a  view  to  having  a  large  proportion  of  these  men  become 
members  of  the  American  Ceramic  Society  to  the  general  ad- 
vantage of  the  entire  field  of  ceramic  activities. 
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LOCAL   SECTIONS   AND    STUDENT   BRANCHES 

In  connection  with  this  matter  it  may  be  said  that  the  work 
of  the  Society  is  progressing  upon  quite  a  satisfactory  basis. 

Local  sections  and  student  branches  should  be  established 
only  where  there  is  a  sufficiently  strong  center  of  ceramic  interest 
to  maintain  such  sections  and  student  branches  in  a  strong, 
healthy  condition.  Such  a  subordinate  division  of  the  parent 
Society  would  become  burdensome  if  established  upon  an  in- 
secure basis  or  where  the  conditions  are  such  as  to  make  doubt- 
ful continuation  of  the  local  chapter  in  a  very  active  state. 

At  the  beginning  of  my  term  of  office  there  was  one  local 
section  and  two  student  branches,  namely,"  the  Beaver  Section  of 
the  American  Ceramic  Society,  founded  August  26,  1915,  the 
Ohio  State  University  Student  Branch,  established  May  1915, 
and  the  New  York  State  Student  Branch,  established  in  October 
1915. 

The  year  has  witnessed  the  installation  of  two  other  student 
branches,  namely,  the  Illinois  Student  Branch,  created  and  in- 
stalled in  December  1916  and  the  Iowa  Student  Branch,  estab- 
lished in  January   1917. 

The  Society  thus  has  four  student  branches  and  one  section 
all  of  whicli  are  in  excellent  condition  as  far  as  is  known  at  this 
writing. 

It  might  be  advisable,  although  I  do  not  stronglv  urge  the 
matter,  that  a  committee  be  created  on  local  sections  and  student 
liranches  to  follow  the  work  of  these  bodies  enough  to  keep 
tirmly  cemented  their  bond  with  the  American  Ceramic  Society 
and  to  stimulate  local  technical  papers  and  discussions  and  the 
presentation  of  selected  contributions  to  the  parent  Society. 

PROFESSIONAL  PAPERS  AND   DISCUSSIONS 

The  American  Ceramic  Society  was  founded  by  those  pri- 
marily interested  in  the  production  of  clay  wares  and  as  a  con- 
sequence a  greater  emphasis  was  given  this  branch  of  the  ceramic 
industry  than  to  the  other  factors  of  cement  and  glass,  or  to  the 
smaller  but  important  branch  of  metal  enamels.  During  the 
past  few  years  there  has  been  evidence  of  a  better  balance  in  the 
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papers  and  discussions  devoted  to  clay  wares  and  those  in  rela- 
tion to  the  other  ceramic  arts,  but  it  is  my  belief  that  there  is 
room  for  improvement  in  this  direction.  This  will  largely  be 
brought  about  by  the  increased  membership  which  I  recommend, 
for  in  this  enlarged  membership,  we  should  include  a  number 
of  technical  men  engaged  in  the  glass  and  cement  fields  who 
have  not  yet  been  brought  into  contact  with  our  Society. 

CERAMIC  PRODUCTS  OF  NATIONAL  IMPORTANCE 
During  the  past  year  it  has  been  suggested  by  one  of  our 
members  (Mr.  Bleininger)  that  our  Society  should  take  the 
initiative  in  developing  ceramic  products  which  are  of  national 
importance  from  the  view])oint  of  increased  competition  at  the 
close  of  the  present  European  war.  I  have  discussed  this  matter 
with  several  of  our  members  and  am  heartily  in  sympathy  not 
only  with  the  Society  undertaking  to  stimulate  American  pro- 
duction of  ceramic  products  to  successfully  compete  with  Euro- 
pean wares  as  a  commercial  proposition  but  am  also  very  much 
in  favor  of  this  Society  taking  the  initiative  in  developing  ceramic 
products  whch  are  of  national  importance  in  time  of  war.  There 
are  ceramic  products  which  are  of  increased  importance  in  times 
of  war  and  yet  which  are  not  produced  to  the  best  advantage  in 
this  country.  I  have  in  mind  particularly  optical  glass  and  certain 
lines  of  porcelain.  Optical  glass  is  particularly  important  in  the 
matter  of  making  range  finders,  periscopes  and  field  glasses,  all 
of  which  are  of  considerable  importance  in  times  of  war. 

This  matter  is  one  in  which  the  American  Ceramic  Society 
has  the  opportunity  of  taking  the  initiatve  before  the  other  tech- 
nical societies,  whose  lead  we  must  necessarily  follow  in  a  great 
many  other  ways,  which  I  have  indicated. 

It  seems  to  me  we  should  create  a  committee  to  be  called 
"Committee  on  Ceramic  Products  of  Importance  to  National 
Preparations."  or  by  some  other  appropriate  designation  and 
that  this  committee  •should  seek  to  stimulate  the  production  of 
(i)  those  ceramic  products  for  which  our  country  has  special 
need  in  times  of  war  and  (2)  those  ceramic  products  subject  to 
the  closest  competition  in  quality  and  price  by  the  products  of 
forciejn   nations. 
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CONCLUSION 

In  closing  I  would  say  that  our  progress  in  the  past  has 
been  excellent  but  has  been  judged  largely  by  our  opinions  of 
one  another  and  of  the  things  we  have  accomplished  for  our 
mutual  benefit.  For  the  future  I  propose  broader  activities  and 
increased  efforts  to  secure  a  more  important  and  more  widely- 
recognized  place  in  the  world's  work,  and  our  success  in  this 
direction  will  be  measured  not  so  much  by  our  own  opinion  as 
by  what  others  think  of  us,  as  a  society  and  as  individuals.  I 
regret  that  this  message  falls  at  the  close  rather  than  at  the  be- 
ginning of  my  term  of  ofiice,  but  I  assure  you  of  my  desire  to 
serve  in  any  way  deemed  best  after  relinquishing  the  high  office 
with  which  you  have  honored  me.  There  is  no  organization  in 
which  I  have  a  greater  interest  nor  for  which  I  have  a  greater 
ambition  than  for  the  American  Ceramic  Society,  and  I  am  ready 
to  assist  in  carrying  out  any  of  the  proposed  lines  which  may 
appeal  to  you. 

Finally,  I  desire  to  express  my  appreciation  of  the  co- 
operation extended  by  the  officers  and  members  durmg  the  year 
in  which  I  have  been  your  president  and,  for  whatever  work  we 
undertake,  I  can  assure  you  that  at  least  we  do  not  lack  the 
spirit  of  co-operation  or  of  unselfish  and  cheerful  devotion  tc^ 
the  cause  of  ceramics  upon  the  i>arl  of  our  present  membership. 


VOLUME  CHANGES  OF  SOME  COMMERCIAL  SILICA 
BRICKS  ON  HEATING 

BY    DONALD    W.    ROSS,    PITTSBURGH,    PA. 

Crowns  and  side  walls  of  open-hearth  steel  furnaces,  other 
metallurgical  furnaces  and  by-product  coke  ovens  consist 
largely  of  silica  brick.  Such  uses  are  very  exacting,  and  not 
all  makes  have  proven  entirely  satisfactory.  Up  to  the  present 
time  not  a  great  deal  of  work  has  been  done  to  prove  what 
the  desirable  qualities  are,  what  factors  control  them  and  what 
tests  should  be  applied.  In  attacking  this  subject  three  phe- 
nomena are  here  considered  —  permanent  change  in  volume 
caused  by  a  given  heat  treatment,  the  incident  variation  of 
pososity,  and  specific  gravity. 

Practically  all  silica  brick  now  manufactured  in  the  United 
States  contain'  at  least  96  percent  SiOo.  Ordinarily  the  balance 
is  chiefly  lime  (CaO),  alumina  and  iron,  usually  in  the  order 
named.  The  brick  are  manufactured  by  crushing  quartzite  so 
that  the  coarsest  particles  are  appro.ximately  ^  in.  diameter, 
and  adding  2  percent  of  Ca(J,  as  milk  of  lime,  and  enough  water 
so  that  the  material  can  be  hand  molded  in  steel  molds.  When 
dry  the  bricks  are  slo\Vly  burned  to  approximately  cone  18. 
The  lime  serves  as  a  binder  in  the  dried  state  and,  in  burning, 
fluxes  the  silica  slightly,  thus  bonding  the  brick  firmly  together. 

Silica  brick  are  particularly  useful  in  industrial  work  due 
to  their  rigidity  at  temperatures  beyond  the  usefulness  of  ordi- 
nary fire  clay  brick,  and  because  of  the  absence  of  shrinkage 
and  because  they  expand  slightly  when  heated. 

Being  composed  almost  entirely  of  SiO,,  silica  bricks  act 
primarily  as  does  silica.  The  stability  relations  of  the  different 
crystal  modification  of  SiO,,  as  determined  by  the  Geophysical 
Laboratory  of  the  Carnegie  Institution,  briefly  summarized  are: 
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IiiT'crsion  Tonpcraturc  Remarks 

a  quartz  —  /3  quartz   -JTS"  C.  Rapid,    reversible. 

/3  quarts  —  ;8;  tridymite    87l)'±10°  Very  sluggish,  reversible. 

ft  tridymite  —  ^  cristobalite     1470' ±  10°  Very  sluggish,  reversible. 

a  tridymite  —  A  tridymite    117°  Rapid, ,  reversible. 

A  tridymite  —  ft  tridymite     163°  Rapid,    reversible. 

a  cristobalite  —  /3  cristoljalitc"     220°-"27.j°  Rapid,    reversible. 

The  alpha-beta  cristobalite  inversion,  which  occurs  between 
220°  C.  and  300°  C.  is  accompanied  by  a  volume  charge  of  ap- 
proximately 3.0  percent.  The  alpha-beta  quartz  inversion  at 
575°  C.  is  also  accomi)anied  by  a  volume  change  of  approxi- 
mately 1.4  percent.  These  two  volume  changes,  particularly  the 
one  at  the  lower  temperature,  tend  to  cause  silica  brick  to  crack 
and  spall  when  cold  brick  are  heated  rapidly  and  again  when 
cooled.  This  is  largely  overcome  by  more  gradual  heating,  and 
cooling.  The  alteration  of  quartz  into  one  of  the  other  crystal 
forms,  of  course,  obviates  the  strains  from  this  cause,  and  as 
tridymite  does  not  exhibit  any  large  sudden  volume  change,  any 
material  that  alters  to  tridymite  also  tends  to  lessen  the  tendency 
of  the  brick  to  crack  on  heating. 

If  silica  brick  has  only  lieen  burned  to  a  slight  degree,  a 
large  proportion  of  the  material  remains  as  unaltered  quartz. 
Such  brick  when  built  into  an  industrial  furnace  and  heated, 
will  develop  undue  permanent  expansion,  which  tends  to  weaketi 
the  structure  of  the  brick  and  luay  in  extreme  cases  disrupt 
certain  furnace  ])arts.  If.  on  the  other  hand,  a  brick  has  been 
slowly  Intrned  to  an  advanced  degree,  much  of  the  material  will 
have  inverted  into  cristobalite  and  tridmite,  so  that  additional 
heatings  will  not  develo])  much  more  pennanent  expansion. 
The  slow  burning  allows  the  brick  to  become  thoroughly  bonded 
so  that  it  can  later  withstand  the  shocks  of  sudden  heat- 
ing and  cooling.  Hence,  if  we  determine  permanent  ex- 
pansion produced  on  reheating  of  silica  brick  we  have  a 
measure  of  the  degree  to  which  they  have  been  burned.  Tests 
of  this  nature  on  14  varieties  of  commercial  brick  are  pre- 
sented.     One   to    four    inclusive.   Table    I,    are   of    PennsvK'ania 


-  Temperature     depends     on     previous     heat     treatment.       Probably 
changes    slowly    to    chalcedony,    tridymite    or    quartz    in    the    presence 
relatively    low    temperatures. 
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ciuartzitc  of  the  Juscarora,  or.  as  it  is  more  familiarly  known, 
Medina  formation.  l''i\e  to  seven  inclusive  are  of  Wisconsin 
Pre-cambrian  quartzile  oi  the  Baraboo  or  Devil's  Lake  deposit. 
The  balance  are  representative  brick  made  from  other  quartzites. 
The  chief  silica  brick  districts  of  the  United  States  are  included. 
The  heatings  were  made  to  three  different  temperatures, 
and  different  specimens  were  used  for  each  heating.  For  each 
heating  from  two  to  four  specimens  of  each  variety  were  used. 
These  consisted  of  cubes,  approximately  2  inches  on  a  side, 
cut  from  brick  which  had  received  the  usual  burn  at  the  vari- 
ous places  of  manufacture.  These  pieces  were  thoroughly  dried 
at  iio°C.,  after  which  their  volume  and  porsities  w'ere  de- 
termined by  weighing  dry,  saturating  with  water  and  weighing 
wet,  then  weighing  the  .saturated  piece  suspended  in  water. 
From  these  figures  we  find  the  volume  by  subtracting  the  sus- 
pended weight  from  the  wet  weight,  and  the  volume  of  the 
pore  space  by  subtracting  the  dry  weight  from  the  wet  weight,  or. 

I'oUiinc  =\Vct   'd'ciyht  —  Suspended   wcii/lit. 

Wet  iveight  —  dry  iveight 


Porosity 


It'et  weif/lit  —  sus/^nidrd  ivcight 


The  saturation  was  obtained  by  placing  the  ])ieces  in  an  iron 
cylinder,  covering  them  with  boiling  water  and  subjecting  them 
to  a  vacuum  equivalent  to  24  inches  of  mercury,  for  four  hours. 
The  pieces  were  again  thoroughly  dried  at  1  io^  C,  and  the 
volumes  checked  by  means  of  the  Seger  volumeter,  using 
kerosene  as  the  disjjlacing  li(|uid.  Each  piece  w-as  measured 
twice,  and  the  mean  taken.  Three  or  more  readin.gs  were  taken 
unless  the  first  two  agreed  to  within  0.2  ce.  for  a  150  cc.  jjicce. 
These  weighings  and  the  volumetric  work  were  repeated  with 
the  pieces  after  they  had  been  subjected  to  the  given  heat  treat- 
ment. From  this  data  have  been  computed  the  volume  ex])an- 
sion  of  the  pieces  (in  percent)  caused  by  these  burnings,  the 
percent  porosity,  both  before  and  after,  and  the  specific  gravity. 
These  volume  measurements  represent  the  exterior  volume  of 
the  piece  in  each  case,  and  the  percent  volume  expansion  is 
based  on  the  original  volumes  of  the  pieces. 
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-After  evaporating  the  oil  from  the  test  pieces  at  iio°C. 
they  were  fired  in  a  gas-fired  down-draft  test  kihi,  which  had 
a  sihca  brick  floor  with  the  brick  laid  on  the  flat.  A  small 
silica  brick  piece  at  the  center  of  the  kiln  supported  the  end 
of  a  platinum-platinum  rhodium  thermo-couple  and  a  plaque 
holding  Orton-Seger  pyrometric  cones.  The  test  pieces  were 
grouped  about  this.  The  different  pieces  of  any  one  variety 
were  placed  on  opposite  sides  to  insure  average  heat  treatment 
for  all  varieties.  The  heating  was  as  follows :  — •  The  tempera- 
ture was  uniformly  raised  to  8oo°  C.  in  i8  hours,  then  along 
a  smooth  curve,  which  flattened  out  toward  the  end,  the  desired 
temperature  was  reached  in  6  hours.  This  temperature  was 
held  for  i^  hours,  and  the  kiln  shut  ofif.  -The  test  pieces  were 
cold  after  24  hours.  Such  treatment  brought  cone  15  down 
for  the  1400°  C.  burn,  come  17+  for  the  1450°  C.  burn,  and 
cone  20+  for  the  1500°  C.  burn. 

In  Table  I  under  each  temperature  the  first  column  repre- 
sents the  porosity  of  the  pieces  before  being  reheated.  The 
second  column  is  the  specific  gravity  before  heating,  the  third 
is  porosity  after  heating,  the   fourth  is  the  percentage  perma- 


BEFORE 

AFTER 

NO. 

FOR. 

SP.  c. 

FOR. 

V.   EXP. 

SP.   G. 

1 

2fi.4i) 

■'  202 

26.30 

0.64 

2.283 

0 

27.10 

2.. 387 

27.60 

2.55 

2.360 

3 

31.06 

2.342 

.32.17 

1.31 

2.323 

4 

20.. 56 

2.205 

20.45 

0.42 

2.287 

24.44 

2.369 

24.03 

2.18 

2.334 

6 

2.5.27 

2.434 

25.30 

2.40 

2.387 

2-5.37 

2.401 

25.30 

1.62 

2.373 

8 

31.46 

2.316 

31.63 

0.65 

2.305 

0 

22.67 

2.406 

23.82 

6.38 

2.389 

10 

22.67 

2.403 

23.55 

5.62 

2.394 

11 

23.16 

2.545 

24.68 

7.78 

2.417 

12 

.30.11 

2,316 

.30.21 

0.80 

2.309 

1.3 

30.64 

2.500 

31.86 

5.22 

2.418 

14 

24.66 

2.400 

24.66 

1.05 

2.361 

Ave. 

26.83 

2.399 

27.26 

2.819 

2.3.52 
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1 

2r).30 

2.304 

25.53 

0.62 

2.270 

2 

27.07 

2,412 

27.00 

3.24 

2.333 

3 

31.07 

2.342 

31.70 

1.01 

2.320 

4 

20.35 

2.301 

29.45 

0.70 

2.291 

5 

23.72 

2.393 

24.01 

1.14 

2.378 

6 

25.00 

2.438 

25.02 

2.20 

2.387 

7 

24.70 

2.400 

24.77 

2.08 

2.354 

8 

31.77 

2.338 

31.65 

0.12 

2.326 

9 

23.77 

2.498 

24.88 

6.61 

2.378 

10 

22.  ()5 

2.499 

23.42 

5.40 

2.390 

11 

23.08 

2.537 

24.57 

7.15 

2.415 

12 

29.39 

2.319 

28.87 

0.37 

2.295 

13 

30.52 

2,497 

31.80 

5.80 

2.404 

14 

24.68 

2.402 

25.10 

2.31 

2.366 

Ave. 

26.09 

2.405 

26.988 

2.768 

2.350 

1 

26.31 

2.277 

27.96 

2.06 

2.280 

2 

27.21 

2.381 

33.67 

13.05 

2.308 

3 

30.94 

2.323 

32.78 

3.12 

2.310 

4 

30.77 

2.278 

28.6(1 

-0.13 

2.281 

0 

23.57 

2.380 

25.67 

4.34 

2.344 

6 

25.17 

2.417 

29.50 

11.10 

2.334 

7 

24.29 

2.385 

28.88 

8.88 

2.330 

8 

31.11 

2,322 

32.06 

0.73 

2.334 

9 

23.23 

2.490 

30.17 

17.19 

2.333 

10 

22.67 

2.475 

31.20 

19.70 

2.322 

11 

22.64 

2.528 

31.41 

22.10 

,       2.335 

12 

29.76 

2.298 

30.45 

0.37 

2.306 

13 

30.59 

2.491 

38.58 

20.91 

2.324 

14 

24.56 

2.378 

31.55 

13.05 

2.353 

Ave. 

26,63 

2.387 

30.89 

9.748 

2.321 

Average  of  all  porosity   determinations  on  original  brick  =  26.717. 

nent  volume  increase  whieli  has  resulted  from  the  heat  treat- 
ment, and  the  fifth  is  the  specific  gravity  after  the  treatment. 
Although  no  proof  is  here  presented,  it  was  found  that 
the  amount  of  skin  surface,  or  surface  of  the  original  brick 
left  on  the  test  specimens,  does  not  appear  to  materially  affect 
the  results  in  the  case  of  silica  brick.  For  the  porosity,  specific 
gravity,  and  volume  (by  weight)  determinations,  the  accuracy 
is  somewhat  impaired  when  the  volume  of  the  piece  is  less 
than  150  cc.  With  moderately  open  material,  such  as  the 
average  silica  brick,  a  considerably  larger  piece  than  this  mav 


88         VOLUME  CHANGES  OK  SOME  COMMERCIAL  SILICA  BRICKS 

be  used  without  much  danger  of  error  from  retaining  air  in 
the  center  of  the  piece.  In  fact,  it  might  be  accurate  enough 
for  commercial  work  to  use  a  whole  brick. 

Considering  the  data  as  a  whole  (Table  I)  we  find  the 
averages  indicating  that  the  heat  treatments,  in  general,  cause 
the  porosity  to  increase.  Considering  individual  results,  it  is 
seen  that  usually,  the  greater  the  volume  change,  the  greater 
the  porosity  increase.  Number  lo.  which  is  known  to  have 
received  a  light  heat  treatment  in  manufacture,  shows  this 
clearly.  The  extreme  limits  of  porosity  shown  by  the  original 
brick  indicate  what  variation  may  be  expected  in  practice. 

In  general,  increase  in  pore  space  is  caused  by  increase 
in  the  volume  of  the  solid  material,  the  voids  increasing  as 
the  volume  of  the  solid  material  increases.  Another  slight  in- 
crease in  porosity  is  frequently  and  perhaps  always  caused  by 
a  tendency  of  the  material  to  crack,  due  to  rapid  heating  or 
cooling,  etc.  Increases  due  to  this  cause  are  usually  negligible. 
Acting  in  opposition  to  these  phenomena  is  the  tendency  of  the 
particles  to  flux  and  draw  closer  together,  thus  tending  to 
neutralize  any  increase  of  pore  space.  This  effect  is  of  minor 
importance  and  is  only  apparent  in  certain  cases  of  well  burned 
brick.  It  is  shown  by  No.  i  at  the  1400°  C.  and  1450°  C. 
temperatures.  The  increase  in  pore  space  is  roughly  propor- 
tional to  the  increase  in  volume  of  the  solid  material,  except 
as  the  above  side  effects  tend  to  alter  that  ratio. 

The  burnings  here  shown  indicate  that,  for  these  tempera- 
tures, the  percentage  outside  volume  increase  is  greater  with 
brick  wliich  have  been  lightly  burned  than  with  those  which 
have  received  extensive  heat  treatment,  and  that  with  bricks 
which  have  approximately  reached  equilibrium  we  mav  even 
have  a  volume  contraction  at  1500°  C. 

The  very  great  increase  in  volume  at  1500'  C.  shown  by 
light  burned  material,  as  compared  with  the  increases  at  the 
lower  temperatures  indicates  that  at  these  temperatures  the 
material  had  not  yet  reached  equilibrium  at  tlie  end  of  the 
heating. 

From  the  above  facts  it  seems  possible  to  compare  the  de- 
gree   of    burning    of    different    silica    brick    by    comparing    the 
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volume  incre.-ise  in  percent  caused  by  such  a  single  heating 
to  any  of  these  three  temperatures.  To  determine  the  true 
degree  of  burning  of  materials  it  is  advisable,  however,  to 
give  them  repeated  btirnings  to  any  one  temperature,  until  ap- 
])roximate  eciuilihriuni  is  reached,  that  is  until  additional  heat- 
ing causes  no  further  increase  in  volume.  Comparing  these 
volumes  will  indicate  how  near  e(|uilil)riuni  the  original  jiieces 
were. 

Varieties  Nos.  i.  4,  8,  and  u  show  only  a  small  volume 
increase  at  any  of  the  temperatures  and  at  1500°  C.  variety 
No.  4  shows  a  decrease  in  volume.  Likewise  there  is  very 
little  change  in  porosity  of  these  varieties  at  any  of  the  tem- 
peratures. From  these  facts  we  may  assume  that  these  mate- 
rials have  in  the  course  of  manufacturing  approximately  reached 
equilibrium  for  the  temperatures  under  consideration.  In  sup- 
port of  this  idea,  it  is  known  that  these  bricks  did  receive  con- 
siderably more  heat  treatment  than  is  usual  with  many  of  the 
other  varieties. 

Commercial  burnings  of  silica  brick  seldom  exceed  a  tem- 
peratiu-e  of  1450"  C.  The  volume  decrease  of  No.  4  at 
1500  C.  indicates  that  in  cases  where  equililirium  has  been  ap- 
proximately reached  for  a  temperature  of  1450°  C.  we  may 
look  for  a  slight  volume  decrease  when  heated  as  above  1500°  C. 
From  the  nature  of  the  crystalline  forms  of  silica,  it  is  safe 
to  assume  that  this  is  due  to  an  increase  in  density  of  the  silica 
itself.  This  increase  in  density  may  be  obscured  in  some  cases 
by  a  light  increase  in  porosity,  the  volume  increase  due  to  in- 
creased porosity  being  more  than  the  decrease  caused  by  in- 
creased density. 

.Averages  of  the  Pennsylvania  group,  Nos.  1-4  inclusive. 
show  the  results  compiled  in  Table  II.  These  figures  may  be 
fairly  indicative  of  what  is  to  be  expected  from  the  average 
Pennsylvania  brick  made  from  Tuscarora  quartzite.  A  point 
of  interest  in  this  connection  is  the  wide  variation  in  porosity 
of  brick  made   from  very  similar  materials. 

The  averages  of  the  Wisconsin  group,  Nos.  5-7  show  the 
results  given  in  Table  III.  The  average  porosity  of  this  group 
is  somewh.it  luwer  than  is  the  case  with  the  Pemisylvania  group. 
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and  the  variation  in  ijorosity  is  considerably  less.  Otherwise 
the  two  groups  are  cjuite  similar.  The  number  of  members 
of  these  two  groups  is  so  limited,  however,  that  they  are  merely 
presented,  no  attempt  being  made  to  draw  general  conclusions. 

If  we  omit  varieties  Nos.  9,  10,  11,  and  13,  which  are 
materials  intended  for  a  special  i)urpose  that  have  received 
rather  light  burning,  the  average  volume  expansions  of  the 
remainder;  viz.,  1.45  ]iercciit  at  1400°  C,  1.38  percent  at  1450° 
C,  and  5.66  percent  at  1500°  C,  will  indicate  what  may  be  ex- 
pected from  average  brick,  in  one  heating  as  above.  Built  into 
a  furnace  where  the  brick  will  eventually  reach  equilibrium, 
the  final  expansion  would,  of  course,  be  somewhat  more  than 
these  figures  indicate. 

The  specific  gravity  (.)f  raw  c|uartzite  or  crystalline  quartz 
and  flint,  according  to  J.  W.  Mellor'  ranges  from  2.59-2.66. 
The  figures  of  Table  IV  represent  specific  gravities  of  12  pieces 
of  raw  American  quartzites.  Two  of  these  varieties  are  nearly 
non-porous,  and  the  third  is  an  open  porous  variety.  All  three 
varieties  are  used  to  some  extent  for  making  silica  brick.  These 
specific  gravities  were  computed  from  the  wet,  dry,  and  sus- 
pended weight  measurement  made  as  described  above.  This 
was  done  by  dividing  the  dry  weight  of  the  piece  by  the  volume 

TABLE    IV.      SPECIFIC    GRAVITIES   OF    RAW    QUARTZITES 

Clo.se  grained   2.650  2.650 

2.650  2.650 

2.65a  Mean  2.650  Mean 

Open  i)or<His  material    2.620  2.604 

2.610  2.600 

2.615  Mean  2.602  Mean 

Close  grained   2.64C  2.642 

2.638  2.638 

2.642  Mean  2.640  Mean 


^  Trans.    Engiish    Ceramic    Society,    Vol.    j5,    Part    1,    p.    77. 
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of  the  solid  material.  ;',  c,  exterior  volume  minus  the  pore 
volume,  or 

dry  ivt. 

Specific   qravitv  ^  -        - 

{ivct  ivt. — sus.  zvt.)  —  {7vet  7vt.  —  dry  wt.) 

J-Iach  grouj)  of  two  determinations  for  a  variety  were  made 
on  the  same  day,  hut  the  different  groups  of  determinations 
were  made  on  different  days.  The  degree  of  agreement  of 
the  determinations  for  any  one  variety  can  be  seen  from  the 
ligures.     Corrections  for  temperatures,  of  course,  are  necessary. 

The  Geo]3hysical  Laboratory  and  others  have  indicated  that 
the  specitic  graxities  of  artificial  tridymite  and  cristobalite  are 
approximately  2.270  and  2.333  respectively.  The  specific 
gravities  shown  in  Taljle  I  for  brick  are  all  within  the  limits 
of  raw  ijuartzite  and  tridymite;  viz.,  2.6rio — 2.270.  The 
specific  gravity  difference  from  2.66  —  2.270  is  so  great,  that 
even  if  this  method  of  determining  specific  gravities  were  not 
very  accurate,  it  would  still  be  accurate  enough  to  designate 
clearly  the  degree  to  which  a  silica  brick  has  been  burned.  In 
fact,  it  now  appears  that  this  is  by  far  the  most  accurate,  as 
well  as  the  easiest  method  of  determining  the  degree  to  which 
brick  has  been  burned.  To  approximately  determine  the  de- 
gree of  burning,  it  is  only  necessary  to  find  the  specific  gravity, 
in  this  way,  on  a  piece  of  the  brick  as  it  comes  from  the  manu- 
facturer. This  method  might  readily  be  used  for  inspection 
work  at  plants  where  quick  results  are  needed.  Omitting  Nos. 
9,  10,  II,  and  13,  the  average  specific  gravity  of  the  remainder 
as  they  came  from  the  factory  is  2.3546. 

For  more  extended  work  in  determining  the  degree  of  burn- 
ing determinations  of  the  specific  gravity,  after  each  of  several 
reheatings  at  one  of  the  above  temperatures,  should  be  made. 
The  changes  in  specific  gravity  occasioned  by  these  successive 
heatings  will  indicate  the  rate  at  which  any  given  material  ap- 
]iroaches  equilibrium  for  the  temperature  used. 

This  method  of  determining  the  degree  of  burning  has  the 
advantage  over  the  "outside  volume  increase"  method  in  that 
it  deals  only  with  the  solid  material  and  hence  is  independent 
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of  any  porosity  changes.  The  specific  gravity  data  bears  out 
what  has  been  said  concerning  the  vokimes  and  the  ])orosities. 

Ill  conilusion,  we  may  say  that  underburned  brick  increase 
lioth  in  porosity  and  outside  volume  when  reheated  to  1400°  C, 
1450°  C.  or  1500°  C.  as  above,  and  that  the  increase  in  porosity 
is  roughly  proportional  to  the  increase  in  volume  of  the  solid 
material.  With  material  that  has  approximately  reached  equi- 
librium at  1450  <.  .  we  lind  very  little  change  on  reheating  at 
these  temperatures,  and  at  times  may  even  obtain  a  decrease 
in  outside  volume  for  the  heating  at  1500°  C.  due  to  increase 
in  density  of  the  solid  material. 

1!\-  comparing  the  percentage  volume  increase  of  materials 
which  have  been  once  reheated,  we  can  roughly  gauge  which 
has  been  given  the  most  strenuous  heating  in  manufacture; 
and  by  comparing  the  results  of  repeated  heatings  at  one  tem- 
])orature,  we  can  approximately  ascertain  how  far  each  original 
])iecc  was  from  e(|uilibrium  at  that  temperature.  In  other 
words,  we  have  thus  a  means  of  testing  the  quality  of  silica 
refractories. 

The  extreme  jiorosities  22.64  percent  and  31.96  percent  of 
the  original  brick  show  the  range  that  is  likely  to  be  found 
in  industrial  jiractice.  The  figures  1.45  percent  at  1400°  C, 
1.38  percent  at  1450°  C,  and  5.66  percent  at  1500°  C.  indicate 
what  volume  expansion  may  be  expected  from  average  com- 
mercial brick  when  once  reheated  as  above.  It  is  to  be  ex- 
pected that  when  built  into  a  furnace  where  they  will  eventually 
reach  equilibrium,  the  final  volume  increase  will  be  somewhat 
more  than  these  figures  indicate. 

.\  combination  of  the  volume  and  specjtic  gravity  methods 
should  afford  means  of  determining  accurately  whether  or  not 
silica  refractories  have  been  fired  to  the  proper  temjierature, 
and  thus  of  fixing  the  quality  of  the  material.  The  importance 
of  having  available  such  simple  tests  of  these  refractories  is 
self  evident,  especially  for  the  exacting  demands  of  the  by- 
product coke  oven  industry. 


STUDY  OF  EFFECT  OF  VARIATION  OF  PRESSURE 
IN  THE  FORMING  OF  DUST  PRESSED  TILES 

BY  FORREST  K.   PENCE. 

One  of  the  most  important  stages  in  the  process  of  manu- 
facture of  dust  pressed  tiles  is  that  of  the  pressing.  The  defects 
here  arising  are  usually  due  to  unequal  distribution  of  the  pres- 
sure or  to  insufficient  pressure  and  rarely  to  excessive  pressure. 
The  cause  of  the  defect  in  such  cases  is  usually  apparent  from 
an  observation  of  the  relation  between  the  porosity  and  the 
shrinkage  of  the  tile  in  question.  High  porosity  and  excessive 
shrinkage  indicate  insufficient  pressure.  Also  the  tile  or  portion 
of  tile  thus  "soft"  pressed  may  develop  cracking  and  warping. 

In  the  case  of  excessive  pressure,  an  absorptive  tile  will 
shovK  abnormally  low  porosity  and  low  shrinkage.  If  the  tile 
body  belong  to  the  non-absorptive  class,  excessive  pressure  may 
cause  it  to  develop  blistering  and  swelling  similar  to  effect  of 
overfire. 

Prof.  Parmelee  has  obtained  pressure-porosity  curves  for 
two  New  Jersey  fire  clays. ^  Pressure  was  applied  in  a  manner 
different  from  that  used  in  pressing-  of  tiles  where  usually  three 
or  more  applications  and  releases  are  given  in  order  to  afford 
opportunity  for  air  to  escape  from  the  clay  mass. 

The  purpose  of  this  investigation  is  to  determine 
(  I )     Relation  between  pressure  and  density  as  obtained  in 
typical  tile  bodies  under  normal  conditions  of  manufacture. 

( 2 )  Relation  between  pressure  and  shrinkage,  under  the 
above  conditions. 

(3)  In  case  of  glazed  tiles,  to  determine  relation  lielween 
pressure  and  glaze  fit. 

(4)  From  study  of  (i),  (2)  and  (3)  to  determine  prac- 
tical limits  of  pressure  and  approximate  pressure  to  be  recom- 
mended as  a  practical  mean. 
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Three  typical  bodies  were  chosen,  tnz..  porous  body  for 
bright  white-glazed  wall  tile,  semi-vitreous  or  red  floor-tile  body, 
vitreous  or  white  floor-tile  body.  Bodies  were  selected  from 
clay  storage  stock  and  contained  93/2,  "J/*  anfl  10  percent,  of 
water  respectively. 

\'arious  jircssures  were  obtained  b_\-  using  a  die  made  to 
contain  thirty-six  small  hexagon  tiles.  By  using  a  definite 
iiydranlic  iMcssure  upon  the  plunger  head  and  varying  the  num- 
ber of  tiles  in  the  die,  the  definite  variations  in  pressure  were 
obtained.  At  each  pressing  the  plunger  was  brought  down  and 
released  three  times  in  succession,  the  speed  of  the  plunger 
lieing  i}i  in.  per  second  or  7  ft.  per  minute.  The  pressure  used 
was  shown  by  pressure  gauge  in  the  hydraulic  line.  The  calcu- 
lated  pressure  on   the  plunger  head   was    found   to  check   with 

TABLE    I  —  SEMI-VITREOUS   ABSORPTION 


PRES- 

riTLK   NUMBER 

SURE 
LBS.  PER 

AVER- 

SQ. 
INCH 

1 

2 

3 

4 

3 

6 

7 

8 

AGE 

107 

16.294 

16.989 

16.946 

16.760 

16.444 

17.286  16.153  16.731 

16.700 

120 

16.497 

16.641 

16.. 3.53 

17.234 

16..M- 

k;  i;ni  n;  nsn  17  l'17  it!. 727 

i:W 

15.491 

16.340 

15.437 

15.719 

15..^:::; 

I^  <;:,-  l'.  7-1  Iii   l_'„'  l.-,.834 

160 

15.947 

16.727 

15.628 

16.401 

14. 7  IN 

111  :;-i.;  1.",  'I'/i  1 1  -i.-i  15.823 

];)2 

14.575 

16.141 

13.776 

14.914 

13.S7II 

1:;  :;i_'  i--i  »;-  i:,.:.L'ii  11.748 

213 

13.527 

13.457 

14.025 

14.887 

15.277 

1  1  iil'i  l"i    I'iH  1  l.si-j  1-1.507 

240 

14.101 

14.087 

14.300 

15.469 

13,377 

IJ  7;h  1 1  _'7i;  i:;.!ij:,  14.033 

273 

13.629 

12.726 

12.555 

13.990 

]3.<w:i 

IJ,  17-  1  '.  _'IM  1  l.ii-lii  13. .323 

.320 

12.310 

11.463 

12.421 

13.222 

13.(ils 

11    I'l:;  1_'  ';!-_'  i:i. 705112. 605 

:M9 

12.639 

12.868 

11.511 

11.501 

13.  ".s7 

11   :;:;.;  1  ;  n:;j  i:!,7!)l  12.470 

384 

11.750 

11.597 

12.408 

12.340 

12.588 

11,:::'7  n  i.M  11  .I'si  i-_M26 

426 

11.437 

11.963 

11.705 

11.692 

11.240 

ll.s>.-.  IJ    l_':;  1",>77  11,652 

480 

11.965 

10.831 

10.655 

it.  948 

12.540 

]ii,!M:;  11   i;il  ]\jm  11.270 

548 

11.178 

11.227 

9.752 

11.615 

9.664 

10. 713,10. :!42;i0. 544 

10.629 

G40 

10.328 

10.390 

9.079 

9.696 

9.. 378 

10. 13!»' 10. 793' 11. 270 

10.1.34 

768 

9.122 

8.576 

9.232 

9.672 

9.018 

9.370J  9.430 

8.566 

9.122 

960 

8.026 

8.444 

9.162 

9.259 

8.972 

8.4141  9.006 

7.816 

8.637 

1280 

7.386 

7.974 

7.816 

7.480 

7.694 

8.242!  .... 

7.756 

1600 

7.269 

6.. 508 

6.410 

7.031 

6.701 

6.934  I.... 

6.809 

1920 

6.312 

(i.448 

6.638 

6.376 

6.527 

6.393 

6.446 

2400 

5.792 

5.664 

5.433 

5.939 

5.981 

5.473 

5.714 

3840 

4.. 392 

4.500 

5.165 

4.617 

4.416 

4.555 

4.607 

4800 

3.761 

3.977 

4.005 

4.100 

4.204 

4.209 

4.063 

96 
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the  reading  of  a  static  gauge  placed  under  the  plunger.     Care 
was  taken  to  insure  practically  uniform  filling  of  the  die. 

After  affording  time  for  drying,  each  type  of  tile  was  fired 
to  its  temperature  of  maturity. 

\'itreous  to  cone   1 1 
Semi-vitreous  to  cone  7 
Porous  to  cone  10. 

Degree  of  density  is  shown  by  absorption  of  water  during^ 
two  hours  boiling  and  twenty-four  hours  soaking. 

Shrinkage  was  measured  across  face  of  tile  using  a 
micrometer  screw,  and  the  figures  are  given  in  terms  of  per- 
centage of  original  dimension.     Drying  shrinkage  was  negligible. 

Single  determinations  on  tiles  of  the  same  pressure  do  not,, 
in  general,  vary  materiallv  from  the  corresponding  average  result 

TABLE    II —SEMI-VITREOUS   SHRINKAGE 


PRES- 

SURE 

LBS.  PEK 

AVEK- 

SQ. 
INCH 

1 

2 

3 

4              s 

6 

7 

8 

107 

8.75 

8.96 

8.68 

8.82 

8.61 

9.03 

8.75 

8.96 

8.82 

120 

SM 

8.96 

8.82 

8.96 

8.68 

8.68 

8.82 

9.03 

8.86 

i;w 

8.89 

8.82 

8.75 

8.61 

8.46 

8.53 

8.46 

8.82 

8.67 

KiO 

8.9fi 

8.89 

8.61 

8.75 

8.25 

8.75 

8.46 

8.61 

8.66 

192 

8.61 

8.61 

8.11 

8.46 

8.04 

8.61 

8.61 

8.39 

8.43 

213 

8.75 

8.25 

8.25 

8.32 

8.32 

8.61 

8.46 

8.18 

8.39 

240 

8.25 

8.39 

8.25 

8.46 

7.97 

8.04 

8.18 

7.97 

8.19 

275 

8.11 

7.82 

7.82 

8.04 

8.04 

7.97 

7.89 

8.04 

7.97 

:i20 

7 .  75 

7.54 

7.97 

7.89 

7.97 

7.68 

7.75 

7.89 

7.81 

:M9 

7.89 

7.89 

7.54 

7.40 

7.82 

7 .  75 

8.04 

7.89 

7.78 

:!St 

7.54 

7.54 

7.75 

7.68 

7.75 

7.61 

7.89 

7.54 

7.66 

J  2(5 

7.47 

7.61 

7.54 

7.40' 

7.54 

7.82 

7.54 

7.33 

7.53 

4,--'0 

7.  (58 

7.25 

7.25 

7.04 

7.68 

7.54 

7.25 

7.61 

7.41 

.■,48 

7.40 

6.90 

7.40 

6.83 

7.25 

6.90 

7.54 

7.21 

0411 

7!  25 

7.11 

6.76 

6.83 

6.90 

7.18 

7.11 

7.40 

7,07 

7(!8 

0 .  70 

6.83 

6.76 

6.90 

6.61 

6.90 

6.69 

6.47 

6.74 

900 

6.47 

6.47 

6.76 

6.69 

6.54 

6.54 

6.47 

6.47 

6.56 

1280 

0.05 

6.19 

6.26 

6.05 

6.26 

6.33 

6.19 

lliOO 

0.19 

5.83 

5.76 

5.90 

5.76 

5.76 

5.87 

1920 

5 .  76 

5.62 

5.48 

5.48 

5.76 

5.55 

5.61 

'>400 

5.48 

5.33 

5.19 

5.48 

5.33 

5.05 

.    5.31 

3840 

4.77 

4.91 

4.91 

4.91 

4.84 

4.91 

4.89 

480(1 

4.77 

4.62 

4.62 

4.69 

4.55 

4.48 

.... 

4.62 
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()l)taiiK-(l.  This  is  shown  in  'I'ables  I  and  II,  in  which  results  of 
single  determinations  made  on  the  semi-vitreous  tiles  are  given 
as  typical  example. 

In  Table  III  the  average  figures  for  the  three  types  are 
shown.  From  the  values  in  Table  III  we  obtain  the  curves  in 
the  Figures.  It  will  be  noted  that  for  a  given  type  the  shrinkage 
curve  is  not  plotted  on  the  same  scale  as  the  absorption  curve 
and  that  its  zero  is  so  located  as  to  make  comparison  with  the 
absor])tion   curve  convenient. 

It  is  noted  that  the  general  form  of  the  density  curves  is 
the  same  as  that  obtained  by  Prof.  Parmelee  on  New  Jersey 
tire  clays.  However,  here  it  is  noted  that  the  eflfect  upon  shrink- 
age, instead  of  being  unimportant,'  is  very  marked  and  com- 
pares with  density  in  importance  to  the  tile  manufacturer.  The 
shrinkage  curve  follows  the  absorption  curve,  showing  greatest 


TABLE    III 


VITREOUS 

SEMl- 

'ITREOUS 

POROUS 

PRESSURE 
LBS.      PER 

SQ.     INCH 

ABSORPTIOX 

SHRINK.^GE 

ABSOHPTION 

SHRINKAGE 

ABSORPTION 

SHRINKAGE 

107 

6.514 

14.19 

16.700 

8.82 

25.116 

4.96 

120 

6.219 

13.96 

16.727 

8.86 

24.547 

4.86 

1.37 

5.490 

13.60 

15.8.34 

8.67 

23.872 

4.83 

IGO 

5.086 

13.46 

15.823 

8.66 

22.807 

4.76 

192 

4.316 

13.27 

14.748 

8.43 

20.980 

4.60 

213 

3.3.35 

12.93 

14.o07 

8.39 

20.780 

4.57 

240 

3.378 

12.79 

14.0.33 

8.19 

20.142 

4.46 

275 

2.7.56 

12.58 

13.323 

7.97 

19.888 

4.49 

320 

1.938 

12.27 

12.605 

7.81 

18.457 

4.34 

349 

1.904 

12.23 

12.470 

7.78 

17.595 

4.30 

.181 

1.615 

12.04 

12.126 

7.66 

17.090 

4.25 

I'Jil 

].V>(\ 

11.99 

11.6.52 

7.53 

16.527 

4.23 

ISII 

.71(1 

n.r>8 

11.270 

7.41 

16.333 

4.05 

.-.48 

.394 

11.17 

10.629 

7.21 

15.880 

4.02 

()40 

.168 

10.85 

10.134 

7.07 

15.738 

3.96 

7(i8 

.051 

10.43 

9.122 

6.74 

14.653 

3.82 

flfifl 

.  025 

9.85 

8.637 

6.56 

14.523 

3.77 

1280 

.011 

9.-33 

7.756 

6.19 

12.782 

3.70 

KillO 

.007    ■ 

8.82 

6.809 

5.87 

12.269 

3.63 

1920 

.005 

8.41 

6.446 

5.61 

11.441 

3.65 

2400 

.004 

8.04 

5.714 

5.31 

10.740 

3.40 

3848 

.007 

7.52 

4.607 

4.89 

9.668 

3.41 

4800 

.003 

7.19 

4.063 

4.62 

8.738 

3.18 
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range  of  values  in  vitreous  Ijody  and  least  in  porous  body.  It 
is,  however,  of  interest  to  note  the  general  agreement  of  the 
curves  for  the  three  types. 

The  volume  shrinkage  of  the  tiles  did  not  change  mate- 
rially since  tiles  remained  thicker  with  reduced  pressure.  But 
since  shrinkage  across  face 'of  tile  is  of  vital  importance  to  the 
tile  manufacturer,  it  is  this  shrinkage  that  is  given. 

The  point  where  further  increase  in  pressure  does  not 
produce  a  proportionate  increase  in  density  is,  as  shown  by  form 
of  the  curves,  at  about  800  to  1,000  pounds  per  square  inch, 
whereas  Prof.  Parmelee  obtained  a  pressure  of  approximately 
6,000  pounds  per  square  inch  at  this  point.  We  should  here 
recall  that  in  the  latter  case  pressure  was  applied  gradually, 
while  here  pressure  is  applied  successively  as  in  the  process  of 
tile  manufacture. 

The  tiles  of  the  porous  body  were  glazed  with  bright  white 
glaze  and  subjected  to  a  crazing  test.  The  difference  between 
the  various  members  was  not  marked.  However,  those  receiving 
from  2,400  to  4,800  pounds  pressure  crazed  slightly  in  advance 
of  those  pressed  at  lower  figures.  The  difference  was  not  great 
but  was  shown  to  exist  by  a  number  of  check  results  on  dif- 
ferent series.  As  to  the  other  members,  crazing  occurred 
irregularly  and  appeared  to  bear  no  relation  to  the  pressure,  the 
most  porous  tiles  standing  as  well  as  the  denser  ones. 

Thus,  as  applied  to  tiles,  erasing  of  soft  bisque  would  signify 
"soft"  fire  bisque,  and  not  "soft"  pressed  only.  This  is  also 
confirmed  in  practice  from  fact  that  in  curved  shapes  those 
parts  that  tend  to  receive  least  pressure  when  tile  is  being  pressed 
are  the  parts  that  show  greatest  tendency  to  shivering  of  the 
glaze. 

Under  practical  conditions  it  would  appear  that  the  lower 
limit  of  pressure  would  be  approximately  1,000  pounds  per 
square  inch,  while  upper  limit  might  be  2.400  or  higher,  depend- 
ing upon  what  difficulties  may  be  encountered  as  to  bursting  or 
splitting  of  the  tile  in  pressing,  or  blistering  of  vitreous  body 
in  firing.  In  general  a  better  surface  texture  is  obtained  at  the 
higher  pressure  than  at  the  lower. 
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From  results  obtained  it  would  appear  that  a  pressure  of 
1, 800  to  2,000  pounds  per  square  inch  would  be  recommended  as 
a  satisfactory  mean  and  one  permitting  of  considerable  varia- 
tion of  pressure  in  either  direction  without  seriously  impairing 
the  quality  or  uniformity  of  the  tiles. 

DISCUSSION 

Mr.  Tozciiseiid :  Mr.  Pence's  experiments  check  up  with 
mine.  I  made  a  test  pressing  some  tile  by  simply  letting  the 
weight  of  the  lever  come  down  on  the  dust  and  thus  having  the 
tiles  so  soft  that  you  could  hardly  pick  tlieni  up,  and  then  1  had 
tiles  pressed  to  the  extreme,  the  presser  giving  two  extra  bumps 
more  than  we  usually  bump  them.  Then  these  two  lots  of  tile 
were  fired  at  the  same  heat  in  both  bisque  and  glost  kilns.  I  then 
had  them  set  on  the  wall  probably  15  feet  of  each  lot;  and  they 
stood  there  for  a  year,  and  on  examining  them  after  this  lapse  of 
time,  some  of  the  tile  of  each  lot  showed  signs  of  crazing,  but  I 
found  on  counting  the  pieces  crazed  in  each  lot,  a  few  more  crazed 
in  the  hard  pressed  tile  than  in  the  soft  pressed  tile,  and  from  this 
test  my  opinion  has  been  that  the  crazing  of  the  tile  is  due  to  un- 
der-firing the  bisque  and  not  to  soft  pressure. 

i\Ir.  Parmelce :  I  have  been  interested  in  the  experiment 
of  Prof.  Pence  and  gratified  to  find  out  that  his  results  are  so 
nearly  in  accordance  with  mine.  He  has  reported  his  in  per- 
centage of  aljsorption  ;  mine  was  reported  on  the  basis  of  porosity. 
As  far  as  fire  clay  was  concerned,  I  experienced  a  good  deal  of 
difficulty  because  at  higher  pressures  the  material  oozed  out 
around  the  die.  and  therefore  it  did  not  seem  to  be  advisable  to 
get  the  shrinkage  through  the  piece.  I  measured  the  shrinkage 
across  the  piece  and  it  was  practically  .negligible ;  perhaps  I  did 
not  make  that  point  clear  in  the  paper.  I  would  like  to  ask  Mr. 
Pence  whether  he  has  measured  the  shrinkage  across  the  finished 
piece  under  different  conditions  of  pressure?  There  is  another 
point  on  which  I  would  like  to  have  some  information,  namely :  I 
have  been  told,  on  several  occasions,  that  it  is  possible  to  change 
the  hardness  or  density  of  the  face  of  a  tile  according  to  the  way 
in  which  the  pressure  is  exerted,  and  I  have  also  been  assured  that 
it  would  be  possible  to  control  the  condition  of  either  face  or  to 
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control  condition  of  the  faces  as  compared  with  the  middle  of 
the  tile;  that  is,  speaking  of  a  thin  tile.  I  can  see,  perhaps,  some 
reason  why  a  thick  tile  might  be  affected  that  way,  but  it  is  not  at 
all  clear  to  me  that  in  an  ordinary  wall  tile  there  should  be  a  dif- 
ference in  the  two  faces,  in  density  or  hardness.  Perhaps  Mr. 
Pence  or  some  one  who  has  had  similar  experience  can  answer 
that  question. 

Mr.  Pence  :  That  is  a  very  interesting  cpicstion  and  one  that 
is  of  \ital  interest  to  the  tile  manufacturer,  because  the  tile  manu- 
facturer wishes  to  obtain  uniform  density  throughout  the  tile; 
otherwise,  as  has  been  shown  in  this  shrinkage  curve  if  you  have  a 
different  density  on  one  side  of  the  tile  than  on  the  other,  you 
will  have  a  badly  warped  tile.  The  method  for  correcting  that  is 
also  indicated  in  this  chart ;  that  is,  to  use  sufficient  pressure  to  get 
the  tile  hard,  as  \vc  say.  thrnughout.  We  know  tliat  if  we  press 
the  hand  iIdwu  in  the  snow,  the  snow  will  he  dense  next  to 
the  hand  and  nearer  to  the  ground,  it  will  not  be  affected 
much.  The  same  holds  true  in  pressing  a  tile;  if  the  tile  is  in- 
sufficiently pressed,  it  will  be  dense  near  the  moving  plunger  and 
not  so  dense  near  the  base;  but  if  the  tile  is  pressed  sufficiently 
hard,  that  is,  if  there  is  sufficient  pressure  used  to  transmit  that 
pressure  throughout  the  thickness  of  the  tile,  there  should  not  be 
any  material  difference  between  the  density  of  one  side  and  the 
other,  although  I  think  that  in  all  cases  there  perhaps  is  a  slightly 
greater  density  near  the  moving  plunger. 

1  might  add  that  all  shrinkages  were  measured  across  the  face 
of  the  tile. 

Mr.  Parmclcc:     1  found  practically  no  difference. 


THE  ADVANTAGES   OF  CLAY   STORAGE  AND  THE 
DESCRIPTION  OF  A  SUCCESSFUL  INSTAL- 
LATION 

DV    F.     H.    KIDDLl-;. 

The  Advantages  of  Clay  Storage.  Is  the  storage  of  clay 
necessary  in  the  manufacturing  of  heavy  clay  products  ?  The 
usual  answer  to  this  is:  No,  not  if  you  can  arrange  your  plant 
so  that  you  deliver  clay  directly  from  the  bank  to  the  pans. 
There  is  no  doubt  but  that  this  is  true  in  a  great  many  cases. 
However,  there  are  many  other  cases,  in  the  writer's  opinion, 
where  the  using  of  the  clay  direct  is  not  cheaper,  when  all  the 
results  are  considered.  It  may  cost  a  little  more  per  ton  to  han- 
dle the  clay,  but  when  the  lack  of  uniformitv  of  the  material, 
the  resulting  variation  in  handling,  and  the  burning  losses  are 
considered,  it  is  expensive  not  tO'  store  the  clay. 

No  matter  what  the  problems  of  manufacture  are.  so  long 
as  they  are  uniform,  they  can  be  handled  in  systematic  man- 
ner, and  the  system  gradually  altered  or  improved  so  that  bet- 
ter results  are  obtained.  The  minute  the  raw  materials  cease 
to  run  uniform,  then  the  system  is  upset  and  trouble  begins. 
Even  if  the  lack  of  uniformity  is  known  ahead  of  time,  it  is 
necessary  to  alter  methods  to  meet  the  condition,  and  this  means 
a  great  deal  of  trouble  with  the  ordinary  clay-working  plant, 
and  a  lot  of  personal  attention.  Quite  often  the  man  in  charge 
does  not  understand  the  cause  of  the  sudden  change,  or  how  to 
correct  the  trouble,  so  that  considerable  money  can  be  lost  in  a 
comparatively  short  time.  If  there  is  no  warning  of  the  trouble, 
and,  for  example,  a  l^urner  takes  down  the  wicket  of  a  kiln  and 
finds  swelled  ware,  it  means  that  all  the  ware  in  several  other 
kilns  is  in  similar  condition,  and  that  if  he  does  not  act  quickly, 
all  the  rest  of  the  ware  in  the  kilns  and  on  the  floor  will  be 
giving  him  the  same  trouble.  If  it  is  a  new  kind  of  trouljle 
which  he  has  no  knowledge  of  from  jjrevious  experiences, 
then  there  are  chances  for  heavy  losses.  Troubles  of  this  sort 
(1(12) 
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are  not  suppositions  in  practice ;  in  fact,  they  are  quite  com- 
mon, and  in  some  plants  so  common  that  the  managment  is 
lead  to  believe  they  are  part  of  the  business,  and  must  be  ex- 
pected. 

If  the  clav  bank  varies  from  time  to  time  so  that  certain 
firing  conditions  give  blown  ware,  or  cored  ware,  or  both  at 
one  time,  and  later  the  ware  is  good  under  the  same  condi- 
tions, there  will  be  a  tendency  on  the  part  of  the  operator  to 
find  the  safe  burning  method  under  the  worst  conditions,  and 
burn  accordingly.  It  is  better  to  do  this  than  to  make  a  saving 
in  the  burning  at  certain  times  and  then  suddenly  have  heavy 
losses  which  will  immediately  counterbalance  all  the  sa\ings 
made.  It  is  possible,  on  yards  where  the  operator  has  the 
necessary  knowledge,  to  use  draw  trials  and  vary  the  burning 
conditions  to  correspond  to  the  clay  conditions.  This  will 
mean  changing,  the  system  and  worrying  about  whether  the 
burner  or  his  helpers  will  remember  the  directions,  etc.  How 
much  better  it  would  be  to  have  some  means  of  getting  a  uni- 
form mixture  of  clay  from  the  bank  so  that  the  same  method 
could  always  be  used,  and  the  systems  of  operating  could  grad- 
ually be  altered  so  that  the  losses  would  eventually  be  reduced 
to  a  minimum. 

The  possibilities  of  this  mi.xing  of  the  clays  from  different 
parts  of  the  liank  depends  largely,  of  course,  on  the  local  con- 
ditions, daily  tonnage,  etc.  There  are,  however,  a  good  many 
clay  workers  who  would  do  well  to  see  what  the  mining  engi- 
neers and  steel  and  iron  operators  are  doing  along  these  lines, 
particularly;  when  it  comes  to  the  question  of  storing  and  han- 
dling enormous  tonnages.  It  is  true  that  most  of  these  opera- 
tors are  warranted  in  making  large  investment  in  plant  and 
equipment  on  account  of  the  enormous  tonnages  and  high  values 
of  their  products,  but  it  is  also  a  fact  that,  particularly  in 
mining,  some  operators  are  handling  verv  low  grade  ores  in 
small  quantities  and  doing  it  successfully.  The  usual  reason  is 
that  they  study  their  conditions  thoroughly  and  equip  the 
plants  accordingly,  after  availing  themselves  of  other  peoples' 
experience. 
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The  writer  has  several  plants  in  mind  where  the  clay  han- 
dling has  been  worked  out  bv  modern  methods.  The  two  plants, 
however,  where  this  handling  is  done  the  best  and  cheapest, 
conditions  being  considered,  are  plants  where  the  clay  storage 
and  handling  equipment  have  been  built  after  consulting  with 
engineers  who  have  made  a  study  of  similar  equipments  in 
other  lines  of  manufacture. 

The  system  which  is  descrilied  below  is  elaliorate,  and  per- 
forms several  functions  which  tlie  ordinary  equipment  would 
not  be  called  upon  to  do,  and  yet,  the  investment  was  war- 
ranted. 

The  storing  of  clay  is  not  only  an  advantage  from  the 
standpoint  of  being  able  to  mix  clays  from  different  parts  of 
the  banks  to  obtain  uniform  conditions,  but  from  other  stand- 
points as  well.  .\  clay,  that  weathers  with  storing,  will,  as  a 
rule,  behave  much  Ijetter  in  manufacturing,  and  particularly  in 
grinding.  Where  a  dense  product  is  desired,  a  material  that  will 
grind  in  such  a  manner  as  to  form  a  sufficient  amount  of  fine 
particles  of  material  to  fill  the  spaces  between  the  larger  par- 
ticles, will  give  a  denser  structure  than  where  the  same  ma- 
terial is  ground  so  that  the  large  spaces  are  not  so  well  filled 
with  finer  particles.  Weathering  will  tend  to  accomplish  this 
varied  sizing  in  grinding  as  well  as  to  produce  greater  plasticity. 
The  writer  knows  of  one  factory  manufacturing  paving  block 
from  a  No.  3  fire  clay  where  the  weathering  of  the  clay  re- 
duced the  rattler  loss  two  percent.  The  extra  handling  of  the 
weathered  clay  amounted  to  considerable,  but  could  have  been 
accomplished  with  but  very  little  extra  cost  if  the  proper 
equipment  had  been  used.  This  equipment  could  have  been  in- 
stalled  at   a   cost   that    would    have   warranted   the    investment. 

Weathering  also  tends  to  dissolve  and  wash  out  soluble 
salts  in  many  clays,  and  thus  eliminates  ingredients  which  pro- 
duce objectionable  scumming.  This  subject  has  been  very 
thoroughly   discussed   by   others   and   needs    no   comment    here. 

If  the  shed  is  built  with  a  view  of  weathering  the  clay, 
and  to  save  labor  in  handling,  it  can  be  built  without  a  roof. 
The  advisability  of  not  using  a  roof  would,  of  course,  depend 
upon  climatic  conditions,  quality  of  clay,  etc.     If  it  is  desired 
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to  keep  the  clay  under  cover  and  still  weather  it  more  rapidly 
than  the  ordinary  exposure  to  air  would  do,  this  can  be  ac- 
complished by  the  use  of  steam  supply  pipes  laid  along  the 
ground,  under  the  clay.  These  pipes  are  distributed  as  best 
meets  conditions,  usually  i  in.  to  li  in.  laterals  running  out  at 
intervals  of  about  lo  to  15  feet  from  the  2  or  2i  in.  feed  pipe.. 
The  laterals  have  slits  or  small  holes  so  spaced  that  the  clay 
can  be  warmed  from  beneath,  and  the  steam  gradually  work 
up  through  it.  The  steam,  of  course,  is  fed  into  the  system  at 
a  low  pressure.  Along  certain  parts  of  the  Ohio  river  the 
clay  is  weathered  both  by  use  of  steam  from  beneath,  and 
natural  exposure  above.  \\'here  both  methods  are  used  on  the 
same  pile,  the  weathering  and  disintegration  is  much  further 
advanced  on  the  bottom  and  heart  of  the  pile  where  the  steam 
has  affected  it.  than  on  the  outside  where  the  weather  has  af- 
fected it. 

DESCRIPTION  OF  A  SUCCESSFUL  INSTALLATION 

The  accompanying  illustrations  show  a  clay  storage  ar- 
rangement which  is  worthy  of  note.  This  arrangement  ac- 
complishes several  things,  the  storing  of  the  clay  being  only  a 
small  part  of  the  work. 

The  plant  which  uses  this  system  is  like  the  majority  of 
clay  working  plants  in  segregated  districts,  i.e.,  it  manufac- 
tures a  wide  variety  of  products,  and  is  compelled  to  do  so  if 
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one  of  (lie  aims  of  the  concern  is  a  large  production,  as  it  is 
very  apt  to  be  where  the  margin  of  profit  is  small. 

The  climate  is  mild,  and  there  are  several  rainy  months  in 
the  winter.  This  means  that  building  and  construction  work 
go  on  practically  the  year  round,  and  the  factories  can  operate 
through  the  wet  season.  X'ot  running  the  year  round  would 
mean  the  carrying  of  a  large  slock  of  finished  ware  to  supply 
the  trade  during  these  months,  and  this  difficulty  would  be  in- 
creased on  account  of  the  variable  demand. 

This  installation  takes  care  of  the  clays  and  grogs  for  mix- 
ing several  bodies  for  the  manufacture  of  architectural  terra 
cotta,  sewer  pipe,  face  brick  of  several  shades  requiring  dif- 
ferent mixtures,  fire  brick,  hand-molded  refractory  shapes,  flue 
lining,  partition  tile,  terra  cotta  chimney  pipe,  drain  tile,  roof- 
ing tile,  and  some  special  products  with  a  total  approximate 
yearly  production  of  50,000  burned  tons. 

The  actual  piling  of  the  clay  into  the  shed  for  storing,  the 
supplying  of  clays  to  the  bins  for  mixing,  the  compounding  of 
the  bodies  and  feeding  of  the  three  dry  pans  is  accomplished 
by  three  men,  and  gives  them,  in  addition,  some  time  to  take 
care  of  cleaning  up,  small  pan  repairs,  and  similar  work. 

The  custom  in  several  places  where  the  clay  is  stored  near 
the  pans  is  to  have  seven  pan-wheelers  for  two  pans.  This  w'ith 
no  special  mixing,  and  from  small  stock  piles  where  the  wheel 
is  comparatively  short.  The  shed  in  question  is  360  feet  by  75 
feet,  and  in  the  fall  is  filled  from  one  end  to  the  other,  so 
that  it  is  easy  to  see  what  it  would  mean  if  pan-wheelers  were 
used,  particularly  when  e\  cry  product  requires  a  mixed  body. 
If  this  clay  was  stored  in  piles,  by  hand,  it  would  mean  the  use 
of  two  or  three  times  as  much  area  with  correspondingly  long 
wheels,  on  account  of  the  inability  to  pile  to  the  enormous 
height  to  which  the  clay  can  be  piled  with  the  overhead  car- 
riage and  bucket.  The  amount  of  .  personal  attention  each 
wheeler  would  reciuirc  to  prevent  errors  in  mixing,  and  the 
roundabout  routes  they  would  have  to  take  to  get  the  several 
clays  would  also   increase  the  expense. 

When  this  particular  wuh  was  put  in  operation  the  cost  of 
handling  of  the  clay  to  the   dry   paii>   was  reduced  about  two- 
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thirds  over  the  ohl  system.  ']"hc  real  reason  for  the  storage 
shed  was  to  make  it  possible  to  run  the  year  round,  and  have 
dry  easy-grinding  clay  at  all  times.  The  system,  then,  not  only 
made  it  possible  to  run  the  year  round,  but  also  made  a  big 
operating  saving. 

With  labor  conditions  as  they  are  in  the  East  at  the  pres- 
ent time,  an  installation  of  this  sort  would  represent  a  still 
greater  saving  in  actual  money,  not  considering  the  scarcity  of 
men  and  delays  from  this  cause. 

Operation  of  the  System.  The  clay  is  delivered  to  the 
shed  by  several  methods,  depending  on  the  location  of  the  pits, 
etc.  The  only  requirement  is  that  it  be  placed  somewhere  under 
the  edge  of  the  shed  where  the  bucket  can  reach  it  to  pick  it  up 
to  deliver  it  to  the  storage  piles.  The  bulk  of  the  clay  is  mined 
with  a  No.  30  Marion  steam  shovel  at  the  big  clay  bank,  and 
loaded  on  four  cubic  yard  capacity  dump  cars,  and  hauled  down 
to  the  plant  over  a  3-foot  gauge  industrial  railroad.  Figs,  i  and 
2  show  the  clay  bank  and  method  of  mining  and  loading.  Fig.  3 
shows  a  general  view  of  the  plant  from  the  direction  of  the 
clay  bank.  Bearing  in  mind  that  the  clay,  storage  shed,  which 
is  shown  in  the  foreground,  is  360  feet  long,  one  can  get  an 
idea  of  the  size  of  the  plant.  Also  remember  that  three  men 
handle  the  clay.  Figure  4  shows  a  cross  section  of  the  clay 
storage  building.  ( )n  the  upper  left  is  the  trestle  from  which 
the  clay  is  dumped  down  into  the  shed  from  cars.  The  bucket 
then  picks  it  up  and  puts  it  in  a  storage  pile.  Fig.  5  shows  the 
trestle  and  shows  the  clay  being  dumped  from  the  cars  into 
the  shed.  Fig.  6  shows  the  bucket  with  a  load  of  clay  taken 
from  the  small  pile  which  was  dumped  oflf  the  trestle.  This 
clay  is  being  taken  to  one  of  the  large  storage  piles  in  the  back- 
ground. It  is  very  easy  to  see  from  the  cuts  how  flexible  the 
arrangement  is,  and  the  enormous  height  to  which  the  clay  can 
be  piled.  By  comparing  the  pile  at  the  left  which  was  dumped 
oflf  the  trestle,  with  the  pile  in  the  center  which  is  still  low  com- 
pared with  what  it  will  be  when  filled  out,  one  can  get  an  idea 
of  the  volume  of  material  that  can  be  stored  compared  with 
what   could   be    done   if   the   clay   was   piled   by   use   of   wagons 
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alone,  or  even  what  can  be  done  compared  with  dumping  off  a 
trestle  and  leaving  the  clay  there. 

When  the  clay  is  to  be  used,  it  is  picked  oft'  the  storage 
jiile  and  put  into  an  overhead  bin  at  the  right,  as  shown  in 
I'"ig,  4.  There  are  series  of  these  bins  running  along  the  side 
of  the  shed.  Each  one  is  slightly  wider  than  the  bucket  so 
that  it  can  be  filled  conveniently.  Fig.  7  shows  the  open  bucket 
in  position  over  one  of  the  bins.  Note'  the  arrangement  of  the 
operator's  platform  and  how  the  bucket  goes  up  beside  him, 
using  a  minimum  amount  of  head  room  and  making  it  easy  for 
him  to  see  what  he  is  doing.  This  work  is  done  !)y  the  first 
of  the  three  men  mentioned. 

The  grog  bins  are  right  beside  the  clay  bins,  as  shown  in 
Fig.  4.  Fig.  8  shows  the  grog  bins  from  the  outside  and  the 
incline  conveyor  belt  going  to  them.  All  the  grog  is  collected 
near  the  gyratory  crusher  shown  in  the  left  foreground.  As 
a  rule  the  grog  materials  are  left  near  the  kilns  from  which 
they  are  drawn,  and  then  hauled  direct  to  the  crusher  in  small 
dump  carts  so  that  there  is  comparatively  little  labor  reqviired 
to  feed  the  crusher. 

The  crushed  grog  from  the  gyratory  crusher  dumps  on 
the  conveyor  belt  and  is  carried  up  the  incline  and  dumped 
into  any  of  the  several  storage  bins,  as  desired.  The  dum])ing 
is  done  by  use  of  a  standard  type  two  pulley  tripper,  which 
can  be  shoved  along  a  track  over  any  bin  desired.  This  gives 
us  the  clay  and  grog  in  the  overhead  hopper  bottom  bins  ready 
for  body  mixing. 

This  mixing  is  done  in  diaphragm,  or  measuring,  cars 
which  are  electrically  driven  along  a  track  under  the  hoppers 
of  the  supply  bins.  They  are  coupled  together  and  operated 
as  a  unit.  The  operator  rides  on  one  side  of  the  cars  on  a 
platform  which  runs  the  entire  length  of  the  cars.  He  has  a 
controller  rod  which  also  runs  the  entire  length  of  the  cars 
so  that  he  can  throw  the  power  on  or  oft'  from  any  place  he 
stands.  The  compartments  can  be  made  any  size  desired,  so 
that  the  right  amount  of  material  can  be  used.  It  is  not  unusual 
to  see  the  operator  feeding  three  dift'ereiit  pans,  each  one  with 
a  dift'erent  body.     To  make  this  possible  the  two  long  mixing 
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cars  are  used,  so  that  all  of  the  required  sizes  of  compartments 
can  be  available  without  stopping  to  alter  any  between  each 
charge.  The  compartments  for  one  body  are  arranged  so  as  to 
be  close  to  each  other,  and  the  bottom  dumping  arrangement, 
as  described  below,  is  arranged  in  sections  so  that  the  entire 
i)ottom  does  not  have  to  be  opened  up  to  discharge.  Figure  9 
shows  the  convenient  arrangement  of  the  car  and  spouts  and 
the  method  of  opening  and  closing  the  spouts.  To  make  a 
charge,  the  operator  runs  his  car  along  until  the  proper  com- 
partment is  under  the  proper  spout  and  fills  the  compartment 
level-full ;  then  to  the  next,  etc.  Note  the  names  of  the  mate- 
rial in  each  bin  plainly  printed  over  the  operator's  head,  directly 
opposite  each  spout.  These  names  are  partially  hidden  behind 
the  pipe  in  the  cut.  Also  note  the  framed  charts  at  the  back  of 
the  car.  These  can  be  seen  right  under  the  left  spout.  They 
are  attached  to  the  car  and  are  charts  showing  the  composition 
of  the  different  bodies,  for  the  operator  to  refer  to.  The  grog 
spouts  are  not  shown  in  Fig.  9  as  there  are  not  as  many  grog 
bins  as  clay  bins.  Fig.  4  shows  the  way  the  spouts  feed  from 
grog  bins  to  the  mixing  car.  On  account  of  the  dryness  and 
previous  crushing  of  the  grog,  it  runs  through  a  small  s|)out 
with  comparative  ease. 

When  the  necessary  compartments  are  filled,  the  car  is  run 
along  the  track  until  it  is  directly  over  a  hopper.  There  are 
three  of  these  hoppers,  each  one  emptying  on  to  a  conveyor  and 
each  conveyor  feeding  into  a  dry  pan.  F"ig.  4  shows  a  section 
with  the  conveyor  which  feeds  the  pan.  Fig.  10  shows  the  end 
of  the  diaphragm  car  and  the  dump  bottom.  The  bottom  is 
let  down  by  means  of  a  trip,  and  after  dumping,  is  lifted  back 
into  position  by  means  of  a  ratchet  lever  arrangement,  as  shown 
on  the  right  end  of  the  cars  in  big.  9.  b'igure  10  shows  the  opera- 
tor's platform,  and  the  trolley  wires  on  the  left  which  supplv  cur- 
rent to  oper<*ite  the  motor  which  drive-^  the  car. 

The  operating  of  the  measuring  cars  can  be  the  source  of 
considerable  extra  work  unless  it  is  handled  so  as  to  load  the 
clay  farthest  from  the  dump  first,  and  then  work  towards  the 
dumping  point.  If  the  dumping  point  happens  to  be  midway 
along  the  line  of  bins,  the  cheapest  method  is  to  go  to  the  end 
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where  the  smallest  load  will  be  put  on,  then  down  the  other 
way  to  the  farthest  bin  necessary  for  the  mix,  and  work  back 
to  the  dumping  point.  It  would  save  considerable  extra  hauling 
if  the  load  oljtained  at  one  end  of  the  system  could  be  dumped 
on  the  way  over  the  dumping  point  on  the  way  to  the  other  end, 
but  it  would  cause  loss  of  time  lifting  the  bottom  and  would 
result  in  feeding  the  pan  with  an  uneven  mixture  of  the  mate- 
rials. The  above  work  is  done  by  the  second  of  the  three  men 
mentioned. 

Fig.  II  shows  one  of  the  dry  pan  installations  with  the 
conveyor  leading  from  the  dump,  up  a  gradual  incline  to  the 
pan.  The  tail  end  of  the  conveyor  is  far  enough  below  the 
measuring  car  so  that  the  hopper  sides  can  taper  from  a  dis- 
tance equal  to  the  length  of  the  car  section  at  the  top,  down  to 
a  distance  equal  to  the  width  of  the  conveyor  at  the  bottom. 
This  thoroughly  mixes  all  the  different  materials  and  carries  out 
an  even  mixture  on  the  conveyor,  no  matter  what  amount  is 
taken.  The  pan  feed  conveyors  are  controlled  by  an  operator 
who  walks  along  a  bridge  over  the  pans  as  shown  in  the  back 
of  Fig.  II,  and  in  section  on  Fig.  4.  This  man  feeds  all  the 
pans.  The  system  used  in  the  conveyors  is  to  have  a  metal 
lined  conveyor  box,  and  to  pull  the  clay  mixture  along  this  box 
by  means  of  double  chain  swi\el  flights.  The  iron  flights  are 
about  6  in.  high  and  24  in.  apart.  The  double  chain  flights 
on  the  return  side  are  shown  on  the  lower  part  of  Fig.  11.  The 
pan  feeder  sets  the  pace,  and  it  is  the  mixing  man's  business  to 
keep  the  conveyors  supplied  with  body,  and  the  bucket  man  to 
keep  the  bins  over  the  car  full  of  clay,  and  attend  to  piling  the 
incoming  clav  for  storage  as  time  permits. 

The  screened  and  ground  clay  storage  feed  system  inside 
the  plant  is  equally  interesting  and  works  very  well.  Consider- 
ing that  these  bins  have  to  take  care  of  different  clays  from 
different  pans  and  supply  several  different  kinds  of  machines, 
including  two  sewer-pipe  presses,  two  auger  machines,  a  tile 
press,  and  various  tempering  machines  for  hand  mold  work, 
it  can  be  readily  understood  that  it  required  considerable  study 
to  work  the  svstem  out.     That  it  does  work  is  verv  evident  from 
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the  fact  that  one  man  can  take  care  of  screens,  bins,  feed  chutes, 
etc..  and  have  time  to  clean  up. 

Mixing  Necessary  to  Obtain  Uniformity.  Xo  mention 
has  been  made  of  the  thorough  mixing  the  clay  receives  in  the 
process.  The  steam  shovel,  of  course,  gives  a  good  average 
sample  of  the  vertical  cross  section  of  the  bank.  Dumping  off 
the  cars  and  re-piling  in  the  shed  gives  an  extra  mixing,  and 
in  taking  from  the  piles  and  putting  into  the  overhead  bins  it 
is  possible  to  take  from  extreme  ends  of  the  piles,  so  that  the 
clay  from  various  parts  of  the  bank  is  mixed  together.  This 
mixing  of  the  days  from  different  parts  of  the  bank  is  a  very 
important  advantage,  and  one  that  would  be  a  wonderful  advan- 
tage in  a  great  many  plants  that  have  var-iable  clay  banks.  A 
system  of  this  sort  also  permits  the  economical  use  of  a  great 
deal  of  grog  that  otherwise  might  go  onto  the  dump,  as  it  does 
in  so  many  plants  in  some  parts  of  the  country. 

There  is  no  doubt  that  there  are  some  plants  fortunately 
situated  so  that  the  storage  of  clay  is  not  necessary  and  where 
the  clay  is  hauled  directly  from  the  mine  to  the  gravity  bins, 
so  that  it  can  be  fed  direct  to  the  pans.  (Jn  the  other  hand,  if 
the  matter  were  investigated  thoroughly,  and  losses  studied  more 
carefully,  the  writer  believes  that  there  are  cases  where  the 
operators  would  find  that  the  actual  cost  per  ton  of  marketable 
ware  could  be  lessened  by  installing  storage  systems ;  i.  e.,  they 
would  more  than  save  the  extra  cost  of  handling  clay,  in  the 
higher  percents  of  marketable  ware  they  would  get  due  to 
having  uniform  material  to  work  with,  and  being  able  to  better 
systematize  their  burning,  etc. 

Suggestion  for  Simple  In.stallation.  There  are  a  good 
many  overhead  bucket  conveyor  systems  in  use  in  various  indus- 
tries, and  these  systems  are  comparatively  simple  and  do  not 
represent  a  large  investment.  Where  it  was  desired  to  get  a 
uniform  mixture  of  clay  from  various  parts  of  a  bank,  it  could 
be  done  without  great  expense  by  having  an  equipment  similar 
to  Fig..  12.  This  would  eliminate  pan  wheelers  and  leave  the 
clay  exposed  so  it  could  weather  quickly  without  the  use  of 
steam  supply  pipes  beneath.  In  the  case  of  heavy  shales,  it 
might  be  necessary  to  install  a  crusher,  but  this  would  be  war- 
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ranted  as  it  would  eliminate  the  usual  sledge-hammer  labor 
and  heavy  pan  duty  that  so  many  plants  are  now  needlessly 
contending  with. 

In  conclusion,  the  writer  wislies  to  thank  Gladding-McBean 
and  Company  for  permission  to  describe  their  system,  and  for 
the  photographs  furnished. 


T^AMS.  y***  C£/f  Soc 


DISCUSSION 

Mr.  Blair:  There  is  just  one  little  point  in  connection  with 
this  paper  that  I  would  like  to  call  attention  to  and  not  by  way  of 
criticism  of  such  installation.  If  you  will  notice  that  suggestions 
for  installations  of  this  character  nearly  always  come  from  in- 
dustries or  from  the  portion  of  the  clay  industry  where  the  price 
[)er  ton  of  material  handled  is  the  highest  price  obtainable.  The 
portion  of  the  industry,  that -needs  such  an  installation  the  most, 
those  handling  heavy  tonnage  at  a  low  price,  is  the  one  without  it. 
Whether  the  one  has  a  bearing  on  the  other,  whether  they  cannot 
get  the  money  by  selling  paving  block,  for  instance,  at  $11.50  per 
thousand  or  $2.10  per  ton  as  compared  with  the  terra-cotta  plant 
that  sells  at  $35  or  $40  a  ton  or  an  iron  and  steel  mill  that  runs 
from  $37  to  $100  a  ton  for  their  product  —  whether  the  price  per 
ton  of  the  material  to  be  handled  has  not  something  to  do  with  the 
lack  of  installations  of  this  character,  is  a  question. 

Mr.  Riddle:  If  Mr.  Blair  will  study  the  detail  of  the  paper 
as  to  the  number  of  men  required  to  operate  this  system  as  com- 
pared to  the  usual  number  around  any  brick  plant  where  they 
have  the  same  climatic  and  clay  pit  conditions.  I  think  he  will 


THE  ADVANTAC.ES  OF   CLAY  STORAGi;  123 

find  that  there  is  a  saving  in  that  particular  operation.  If  there  is 
a  saving  in  the  operation  it  would  seem  to  the  writer  that  the  in- 
vestment was  warranted  regardless  of  selling  cost.  As  stated,  this 
particular  installation  was  used  in  the  manufacture  of  several 
products  inchuling  hrick,  sewer  pipe,  jjartition  tile,  etc.,  as  well  as 
terra-cotta. 

My.  Moore:  1  am  familiar  with  a  paving  brick  plant  that  is 
handling  a  jjroduct  not  quite  so  expensive  as  this,  but  they  are 
obtaining  an  average  price  of  $18.75  a  thousand  for  their  block, 
and  their  installation  as  far  as  the  weathering  conditions  and  air 
system  is  quite  similar  except  that  it  did  not  have  the  clam  shell 
distribution  feature,  it  is  all  handled  by  belt  conveyors,  dumped  in 
difYerent  portions,  and  the  pickup  is  done  by  underground  con- 
veyors. T  should  say  that  the  installation  cost  within  probably  20 
percent  as  much  as  this,  and  they  could  not  operate  very  well 
without  it. 

Mr.  H'uiu.<::  1  want  to  ask  a  question  with  regard  to  nomen- 
clature. The  title  of  Mr.  Riddle's  paper,  was  "The  advantage 
of  a  clay  storage."  and  he  used  the  term  "weathering."  Is 
storage  under  cover  weathering  in  the  proper  sense  of  the  term? 

Mr.  Riddle:  When  I  spoke  of  the  question  of  weathering, 
I  described  a  simple  installation  where  you  would  use  a  series  of 
poles  to  support  the  tracks  for  the  conveyor.  In  that  case  there 
would  be  no  roof,  and  that  would  be  a  cheaper  arrangement.  The 
point  I  mentioned  in  this  first  one,  the  elaborate  system,  was  that 
they  were  in  a  countrj-  where  it  rained  in  the  winter  time  and 
required  the  cover  to  keep  the  clay  dry.  There  is  no  doubt,  how- 
ever, that  weathering  can  be  accomplished  to  some  extent  with 
the  cla\  coxcred.  Where  steam  pipes  are  used  beneath,  this 
weathering  can  he  accomplished  very  well. 

Mr.  Biiiiis:  1  thought  it  was  the  advantage  of  weathering, 
the  solution  of  soluble  salts,  etc.,  and  I  wanted  that  cleared  up. 

.Mr.  Riddle:  The  design  of  the  system  should  be  made  ac- 
cording to  the  local  conditions.  If  dry  storage  alone  was  desired, 
a  cover  should  be  used.  If  the  system  is  to  be  designed  to  expose 
the  clay  to  the  elements  and  wash  out  the  soluble  salts,  then,  of 
course,  the  roof  would  be  omitted.  The  term  weathering,  as  I 
have  used  it.  means  the  disintegration  an;l  softening  of  the  lumps. 
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Weathering  does  not  necessarily  include  the  washing  out  of  any 
soluble  material. 

Mr.  Biiins:  Some  years  ago  there  was  a  case  raised  of  a 
buff  brick  developing  a  brown  stain  by  the  clay  being  stored  under 
dry  cover.  The  experiment  of  turning  out  the  clay  into  the  open 
was  tried,  and  the  brown  stain  disappeared.  So  far  from  storing 
under  dry  cover  eliminating  stain,  it  is  quite  possible  and  probable 
that  it  will  increase  stain  rather  than  diminish  it. 
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In  Eastern  Canada  llicrc  are  large  deposits  of  the  mineral 
;i])atite — (  CaF  )C'a_|(  !'( ), )..  —  ver_\-  little  of  which  is  being 
mined  at  present.  It  occurs  in  large,  coarsely  crystallized  masses 
associated  with  mica  and  ijvroxene  in  rocks  of  Pre-Cambrian  age. 

A  nnmber  of  years  ago.  between  1883  and  1891.  the  annual 
output  was  25,000  tons,  but  with  the  discovery  and  active  ex- 
ploiting of  the  sedimentary  ])hospliates  of  the  Southern  States, 
Canadian  apatite  lost  its  position  as  an  important  source  of  phos- 
phate for  the  manufacture  of  commercial  fertilizer.  Hence  the 
Canadian  mines  closed  as  apatites  mines,  but  later  some  of  them 
reopened  as  mica  properties.  In  the  meantime  large  stocks 
of  \ery  pure  a])atitc  accumulated  on  the  mica  mine  dumps. 
in  the  hope  of  some  use  being,  found  for  tliem.  (  )nly  a  very 
small  amount  has  been  absorbed  in  the  manufacture  of  phos- 
phorus and  pure  salts  of  that  element,  and  for  increasing  the 
jihosphorus  content  of  pig  iron. 

It  is  im])ortant,  therefore,  that  some  r.ew  use  be  found  for 
this  material  and  what  would  be  more  natural  that  to  use  it  as 
a  substitute  for  bone  ash  in  the  manufacture  of  bone  cliina,  and 
for  opacifying  enamels. 

Turning  to  the  literature  on  bone  china,  the  English  jjotters 
ha\e  the  credit  for  develo])ing  this  type  of  ware ;  and  how  simple 
is  the  reason  given  for  the  first  English  use  of  bone  ash  in  a  body. 
According  to  Mellor,'  the  information  was  sent  to  Europe  from 
China  by  a  traveller,  that  the  Chinese  potters  had  said  European 
]i()tters  might  as  well  try  to  make  a  'body  without  bones'  as 
to  try  to  make  porcelain  with  nothing  but  the  pegmatitic  flux 
which  had  been  carried  to  Euroi)e  by  Eastern  traders.  What 
more  natural  than  "bone"  should  h;i\e  been  taken  literally. 

Edwards-  states  that  "the  \alue  of  bone  for  pottery  pur- 
poses is  determined  by  the  percentage  of  phosphate,  and  also  of 

■  Mellor.   Trans.   E»g.  Ca:  .So.'.,   Vol.    V.  p.   79. 
'Edwards.   Trans.  Eng.   Cer.   .9o<r..   1904,  p.  32. 
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the  deleterious  conditions  such  as  carbonaceous  and  siHceous 
matter  and  iron".  He  gives  the  following  as  an  analysis  of  an 
average  quality  of  bone  ash. 

percent 

Tricalcium  phosphate    85 .  25 

Carbonate    lime    2.88 

Carbonate  magnesia --45 

Fluoride  lime    i  .65 

Ferric  oxide    0.32 

Insol.    Silica    4-57 

Loss  (  water  and  carl)on  ) --85 


In  experiments  with  a  synthetic  bone  ash  made  up  in  two 
ways,  (I)  with  commercially  precipitated  phosphate,  and  (2) 
with  calcium  phosphate  precipitated  and  purified  by  himself. 
Edwards  found  that  the  commercial  material  gave  poor  results 
because  of  the  presence  of  alkalies,  while  the  pure  phosphate 
gave  bodies  as  translucent,  and  showing  no  more  fusibilitv  or 
warping  than  the  ordinary  hone  mixture. 

"It  would  seem  from  this  that  the  reason  why  Mr.  Moss 
and  others,  in  exjierimenting  with  artificial  pho.sphate,  found  it 
had  not  the  holding-up  power  of  the  phosphate  obtained  from 
bone,  was  that  the  phosphate  used  was  impure.  Phosphate  ob- 
tained by  precipitation  from  solutions  of  calcium  chloride  and 
sodium  phosphate,  unless  very  well  washed,  contains  alkali,  which 
of  course  makes  it  fusiljle.  The  commercial  phosphate  which  I 
used,  when  fired  alone  through  china  liiscuit.  was  fused  cjuite 
hard." 

"It  would,  therefore,  apjjear  that  the  cellular  or  fibrous 
structure  of  bone,  to  which  is  sometimes  ascribed  the  permanency 
of  form  during  firing  of  the  china  body,  has  no  action  whatever." 

The  important  point  to  be  noted  in  the  above  quotation  is 
that  pure  calciinn  phosphate  (free  of  alkalies)  gave  as  good 
results  as  the  commercial  bone  ash.  Of  course  alkali-free  chem- 
ically prepared  phosphate  would  be  too  costly  to  be  commercial, 
but  this  would  not  Ije  true  of  the  alkali-free  mineral  phosphate. 
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In  answer  to  a  (|uestion  after  reading  a  i)a])er  on  "Bone 
China  Bodies"  Ix'fore  this  Society  in  1905,  Watts'  stated  that 
he  had  tried  making  bone  china  from  phosphate  supphed  by  a 
fertilizer  company  l)iit  failed  to  get  results.  The  discussion  did 
not  bring  (JiU  the  coinixisiticjn  of  the  fertilizer  phosphate,  but 
it  must  have  been  impure.  Apparently  Watts  never  tried  apatite 
as  [)ure  as  the  Canadian  material. 

The  Canadian  apatite,  as  it  (jccurs  in  the  district  north  of 
<  )tla\va,  is  usally  pale  green  in  color  and  of  two  types;  massive 
and  granular  (sugar  ajiatite).  It  occurs  in  large  masses  in 
pyroxenite  rock.  The  mineral  association  is  very  similar  to  that 
of  feldspar;  except  that  in  this  case,  apatite  assumes  the  principal 
role,  mica,  feldspar,  and  pyroxene  being  the  principal  accessory 
minerals.  Some  p\rite  is  also  present  but  it  is  usually  very  small 
in  amount. 

.A  number  of  analyses  of  typical  apatites  of  the  mines  of  the 
(  )tlawa  district  arc  given  in  the  following  table.  The  analyses 
were  made  bv  Mr.  b".  W.  Connor  of  the  Alines  Branch,  from  the 
stand])oint  of  the  re(|uirements  of  the  fertilizer  industry.  Iron 
and  alumina  are  given  together,  and  iron  oxide  proliably  a\erages 
half  the  amount. 

Analyses  of  Apatite 


SiO..    .. 
Fe=0,  ( 

AbO:  \ 

CaO    .. 
MgO     . 
Na...O  ■/ 
K.O    \ 
H.O    .. 

CI   

F 

C0=   ... 
P.O.    .. 


0.4S  1.811 

1.00     I     l.SK 


M 
.44 

.66 
.39.60 


1.30 


1  54.20 

.i3.;w 

;  -54.4 

55.7 

1  55.6 

1     0..3.i 

0.28 

'       .31 

.20 

.33 

.77 

.64 

'       .88 

.80 

.25 

.31)  .1-2 

.40  .(iT 

3.20  I     3.. 30 

.00'  !     1.75 

40.15  '  37. .50 


0.06 
0.72 


.28 

.65 

3.10 


0.36 
0.72 


.20 

.50- 

3.00 


39.24    :  39.39 


Xo.    15.     Massi\e    reddish-gray    apatite.    McClelland    mine, 
north  lot  10.  range  14.  township  of  Hull,  Que. 
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No.  1 6.  Dark  reddish-brown  massive  apatite,  Scott  mine, 
lot  14,  range  9,  township  of  Hull.  Que. 

Xo.  17.  Light  gray-green  sugar  apatite.  Rainville  mine, 
east  half  of  lot  15.  range  8.  township  of  Templeton.  Que. 

No.  18.  Massive  lilue-green  apatite.  High  Falls  mine,  lot  3, 
range  4,  township  of  Bowman,  Que. 

No.  ig.  Green  ajiatite,  Blacklmrn  mine,  lot  9,  range  11, 
township  of  Templeton.  Que. 

Large  samples  of  Ijoth  sugar  and  massive  varieties  of  apatite 
were  secured  from  the  Blackburn  mine  for  testing  in  a  bone 
china  body.  Each  sample  was  broken  down  and  ground  to  pass 
200  mesh,  care  being  taken  throughout  the  process  to  avoid 
contamination  by  iron. 

Bimis^  gives  the  following  as  the  general  range  of  body 
composition  for  bone  china. 

tcrcnil. 

Bone  ash    4--3- 

Feldspar 13-19 

China  clay   ?,y33 

Flint    10-14 

From  this  range,  four  bodies  were  calculated  to  have  the 
following  composition,  substituting  the  ground  apatite  for  bone 
ash.  English  china  clay,  Canadian  spar  and  American  flint  were 
used. 

Apatite  China  Bodies 

No.  1.  2.  ,?.  4. 

Apatite  42  39  35  32 

Feldspar    \h  IG  17  19 

Cliina    clay 33  34  34  35 

Flint   10  11  14  14 

Each  liatch  was  mixed  and  ground  wet  in  a  ball  mill  for  3 
hours,  the  slips  brought  to  the  proper  consistency,  and,  after 
standing  in  jars  for  a  week,  cups  were  cast  in  plaster  molds. 

The  test  pieces  were  burned  in  saggers  in  a  commercial  floor- 
tile  kiln  to  cone  9.    The  cups  were  not  supported,  but  set  to  show 
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any  deformation.  After  burning-,  all  the  cups  were  slightly 
deformed,  but  not  badly  considering  the  thinness  of  the  walls. 
Had  they  been  set  in  supports  as  is  the  practice  in  burning  bone 
china,  the  cups  would  have  been  perfect. 

All  four  bodies  showed  good  translucency  and  color,  but  the 
translucency  was  be.^t  in   Number  4. 

In  conclusion  it  may  be  stated  that  this  paper  is  but  pre- 
liminary to  an  extensive  investigation  of  the  subject  and  is  pre- 
sented here  to  bring  the  matter  to  the  attention  of  the  society 
and  bring  out  hcljjful  discussion  from  those  interested  in  bone 
china. 


NOTES  ON  THE  USE  OF  SULPHURIC  ACID  IN  THE 
SEDIMENTATION  OF  KAOLINS' 

BY   H.    G.   SCHURECHT 

The  use  of  sulphuric  acid  for  neutralizing  the  sodium  hy- 
droxide in  the  purification  of  kaolins  with  alkalies  has  in  some 
cases  caused  the  kaolin  refiners  considerable  trouble.  The  com- 
mon troubles  reported  are  the  following: 

(i)  In  some  cases  the  plasticity  of  the  kaolin  after  it  had 
been  treated  was  much  greater  than  it  was  originally. 

(2)  A  black  scum  appeared  on  the  kaolin  upon  drying. 
As  one  of  the  commercial  requirements  of  a  paper  clay  is  to 
have  a  clean  white  color,  this  defect  would  in  some  cases  make 
the  kaolin  unfit  for  the  better  grades  of  paper. 

The  causes  of  these  troubles  were  studied  in  order  to  out- 
line precautions  necessary  to  overcome  these  difficulties  and  to 
obtain  from  the  crude  kaolin  the  highest  possible  grade  of  pro- 
duct. This  work  has  already  progressed  far  enough  to  show 
that,  in  some  cases,  the  troubles  are  caused  by  adding  too  much 
sulphuric  acid. 

Previous  Work.  Probably  one  of  the  first  persons  to  no- 
tice the  flocculating  effect  of  sulphates  was  Forster-  who  noticed 
that  the  Ca-ion  dissolved  from  the  plaster  molds  hindered  some- 
what the  deflocculating  effect  of  sodium  hydroxide.  He  there- 
fore recommended  the  use  of  sodium  carbonate  in  the  place  of 
sodium  hydroxide  thereby  precipitating  the  calcium  as  calcium 
carbonate. 

Hirsch'  found  that  soluble  sulphates  were  not  absorbed  by 
the  kaolin  or  clay  in  the  slip.  Rieke*  found  that  in  the  case  of 
iron  and  aluminium  sulphates  the  iron  and  aluminium  are  ab- 


I  By   permission   of   the    Director  of   the    U.    S.    Bureau  of    Mines. 

-Korster.    K..    Ueber    das    Ciiezsen    des    Tones:     Chem.    Industrie, 

28,    1905,    pp. 

7.13-7411. 

»  Hirsch.     H..    Verhalten    von    Ton    in    Salzlosungen.     Toninduslr 

ie-Ztg..    Jahrg. 

l8,   1904.    pp.   491-493. 

'  Rieke.     R..    Ueber    die    Wirkung    loslicher    Sulfate    auf     Kaolin 

.e    und     Tone: 

Sprech.   No.   51.  1910,  p.   757. 
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sorl)cd  b)-  the  clay  probably  as  hydroxides  while  the  sulphate 
radical  remains  in  solution. 

Mellor,  Green  and  Baugh"*  found  that  calcium  sulphate 
thickens  a  slip  while  potassium  sulphate  and  potassium  bisul- 
phate  first  make  a  slip  more  fluid  and  then  thicken  the  same. 

Rieke"  found  that  magnesium  sulphate,  calcium  sulphate, 
iron  sulphate,  zinc  sulphate,  copper  sulphate,  cobalt  sulphate  and 
aluminium  sulphate  increase  the  viscosity  of  a  Zettlitz  kaolin 
slip.  .Sodium  and  potassium  sulphates  increase  the  viscosity 
when  added  in  small  quantities  and  then  with  larger  additions 
decrease  the  viscosity  of  the  slip. 

CLAY  WASHING  PRACTICE 

Clays  arc  usually  washed  by  one  of  two  methods  in  the 
United  States.  In  the  first  method  the  clay  is  put  in  large  tubs 
filled  with  water,  and  the  clay  is  disintegrated  by  revolving  arms. 
By  this  method  most  of  the  coarse  material  like  sand  and  coarse 
grains  of  mica  and  feldspar  are  removed.  The  clay  with  fine 
grains  of  mica,  feldspar  and  quartz  remains  in  suspension  and 
is  drawn  oiT  into  the  settling  tanks.  Another  method  very 
similar  to  this  consists  in  using  a  large  cylinder,  closed  at  both 
ends,  which  is  set  in  a  horizontal  position.  Iron  arms  rotating 
about  a  horizontal  axis  break  up  the  clay  lumps  and  the  fine 
particles  of  clay  are  carried  off  by  a  current  of  water  while  the 
coarser  material  remains  in  the  cylinder.  The  speed  of  the 
current  must  be  so  regulated  as  to  remove  only  the  fine  material, 
and  at  the  same  time  it  should  not  be  too  slow  for  in  this  ca.se 
the  output  would  be  too  low.  This  method  is  not  continuous 
for  it  has  to  be  stopped  from  time  to  time  in  order  to  remove 
the  coarse  sand  from  the  cylinder. 

The  method"  in  more  conmion  use  consists  in  ])ulting  the 
clay  in  a  clay  washer.  This  consists  of  a  rectangular  box  in 
which  arms  rotate  about  a  horizontal  axis  and  help  to  disinte- 
grate the  clay.     It  i.--  common  practice  to  use  two  washers  allow- 

•  Mellor.  I.  W.,  Crcen.  S.  A..  Raiigh,  Studies  of  Clay  Slip:  Trans.  End.  Ccr. 
Soc.    Vol.   «.    1900-7,    pp.    1GM70. 

•  Reike,   R..  op.   nt.  p.   757. 

'  Kor  fuller  det.iils  see  Watts.  .X.  S.,  Mining  and  Treatment  of  Feldspar  and 
Kaolin:  Btircau  ot  Mines  Bull.  S.1.  1913.  pp.  72-78;  Reis.  H..  Clays  of  Maryland: 
Marvland  Geological  Sur^'ev.  1902.  pp.  271276;  Sproat,  I.  E.,  Kaolin  Refining:  Trans. 
Amer.   Ccr.   Soc.,    Vol.   XI  ill.   191(1,    pp.   767-811. 
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ing  the  material  to  pass  from  the  first  washer  into  the  second. 
When  sodium  salts  are  used  to  deflocculate  the  clay  they  are. 
usually  introduced  in  the  second  washer.  From  the  washers  the 
clay  passes  to  the  sand  wheels  which  consists  of  wheels  bearing 
iron  scoops  which  operate  in  narrow  tanks,  the  sand  being 
scooped  from  the  bottom  of  the  tank  and  thrown  outside.  Two 
sand  wheels  are  generally  used,  the  clay  then  passing  on  to  a 
series  of  troughs. 

The  sand  trough  is  about  .20  to  30  feet  long  and  about  2 
feet  wide  and  is  placed  absolutely  level.  A  dam  4  to  8  inches 
high  is  put  at  the  outlet  to  assist  in  decreasing  the  flow  thus  al- 
lowing the  coarse  sand  to  settle  and  preventing  it  from  getting 
into  the  mica  troughs.  This  is  removed  with  a  shovel  by  a  work- 
man. The  square  tank  which  is  used  in  the  place  of  the  sand 
trough  in  some  places  consists  of  a  tank  6  feet  long,  5  feet  wide 
and  I  foot  deep.  The  outlet  is  placed  either  at  right  angles  to 
the  intake  or  at  the  same  end  as  the  intake.  The  sand  thus  de- 
posited is  removed  by  shovel. 

The  clay  now  passes  into  the  mica  troughs  which  remove 
the  mica  and  finer  material.  These  consist  of  U-shaped  troughs 
usually  I  foot  wide  and  i  foot  deep,  the  total  length  being  about 
700  feet.  In  order  to  utilize  less  space  these  are  broken  up  into 
lengths  about  40  to  50  feet,  which  are  arranged  parallel  and 
the  slip  passes  through  the  same  in  a  zigzag  course.  The  flow 
is  regulated  by  either  a  pitch  of  i  inch  between  end  and  end 
or  by  building  the  troughs  level  with  a  drop  of  i  inch  between 
the  troughs.  The  impurities  deposited  are  removed  every  5 
hours  during  which  time  the  washing  is  necessarily  stopped. 
If  the  sediment  is  not  removed  the  channel  becomes  narrow, 
thereby  increasing  the  rate  of  flow  of  the  slip.  This  would 
carry  the  coarser  material  farther  along  and  make  the  product 
less  homogeneous.  When  sulphuric  acid  is  used  to  neutralize 
the  alkalies  in  the  slip,  it  is  sometimes  added  to  the  slip  at  the 
point  where  it  leaves  the  floating  troughs.  After  the  sulphuric 
acid  is  added  the  slip  is  run  through  a  long  narrow  trough  i 
foot  wide,  I  foot  deep  and  50  feet  long.  This  trough  allows  the 
sulphuric  acid  to  become  thoroughly  mixed  with  the  clay  slip. 
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The  slip  now  passes  through  the  screens  which  are  covered 
with  a  copijer  screen  cloth.  An  excess  of  sulphuric  acid  would 
attack  the  screen  reducing  its  life.  The  stationary  screen  which 
is  commonly  used  consists  of  two  or  three  wooden  frames  (about 
4  inches  high)  covered  with  copper  cloth  and  arranged  so  the 
upper  screens  overlap  the  lower  screens.  The  material  which 
overflows  from  the  upper  screen  flows  into  the  lower  screens 
through  openings  2  inches  wide  across  the  lower  end  of  the 
upper  screen.  The  revolving  screen  consists  of  a  cylinder 
covered  with  a  fine  wire  screen  which  is  tilted  at  a  slight  angle 
from  the  horizontal.  The  slip  being  fed  in  at  one  end  is  sepa- 
rated from  the  coarse  material  which  slowly  works  towards  the 
outlet  at  the  lower  end  of  the  screen. 

The  fine  material  which  goes  through  the  screen  passes  into 
settling  tanks  in  which  the  slip  stands  until  the  clay  has  settled 
sutticiently  to  remove  the  excess  water.  The  excess  water  is 
removed,  and  the  slip  is  then  passed  into  an  agitator  which  is 
similar  to  a  blunger.  The  slip,  which  is  kept  homogeneous  by 
the  revolving  paddles  of  the  agitator,  is  then  pumped  through 
filter  presses.  The  clay  is  then  dried  by  open  air  driers,  steam 
driers,  or  tunnel   driers. 

Materials  Studied.  Three  kaolins  were  studied  in  this 
work:  (i)  a  kaolin  from  Gordon,  Georgia;  (2)  a  kaolin  from 
Edgar,  Florida;  (3)  lotla  kaolin  from  North  Carolina.  Their 
chemical  analyses  are  as  follows : 


GEORGIA 
KAOLIN 

FLORIDA 
KAOLIN 

NORTH 
CAROLINA 
KAOLIN 

0.38 

13.63 
44.25 
38.06 
1.03 
1.29 
0.08 
trace 
0.10 
0.70 
0.06 

1.50 

14.86 

45.67 

38.45 

0.75 

0.10 

6!  05 

6. '06 

3.35 

15.64 

SiO.                  

45.17 

AUO             

37.-35 

Fe.O               

0.60 

TiO.  

0.03 

CaO           

MgO         

Na.O       

K-O     

0.70 

Total    

99.58 

99.94 

100.39 
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Description  of  Work.  To  study  the  effect  of  neutralizing 
a  slip  with  sulphuric  acid,  a  clay  slip  containing  20  percent  clay 
and  80  percent  water  was  used.  After  passing  the  clay  through 
a  120  mesh  sieve  it  was  dried,  crushed  and  again  dried  at  iro° 
C.  for  48  hours  previous  to  testing  the  same.  The  kaolin  was 
first  treated  with  varying  amounts  of  sodium  hydroxide  until 
maximum  defiocculation  was  reached,  and  then  a  number  of 
members,  which  had  been  treated  with  sodium  hydroxide  suffi- 
cient to  produce  maximum  deflocculation,  were  neutralized  by 
adding  sulphuric  acid.  To  study  the  changes  in  viscosity,  mea- 
surements were  made  with  a  viscosimeter  similar  to  that  used 
by  Bleininger."  The  kaolin  in  the  different  members  was  then 
filtered  from  the  original  water  which  contained  some  soluble 
salts  and  new  slips  were  prepared  with  fresh  distilled  water, 
and  viscosity  measurements  were  made  with  these  slips. 

In  order  to  study  the  effect  of  alkalies  on  the  viscosity  of 
kaolins  treated  with  different  amounts  of  sulphuric  acid  the 
kaolin  was  first  deflocculated  with  sodium  hydroxide,  neutralized 
with  different  amounts  of  sulphuric  acid  and  filtered.  The  clay 
samples,  thus  treated,  were  then  deflocculated  with  varying 
amounts  of  sodium  hydroxide  and  viscosity  measurements  were 
made. 

In  measuring  the  viscosity  the  time  necessary  for  250  cc. 
of  slip  to  pass  through,  an  orifice  ^/^j  inch  was  measured  with  a 
stop  watch.  The  time  necessary  for  the  same  amount  of  water 
at  18°  C.  was  then  measured.  The  densities  of  the  .slip  and 
water  were  determined,  and  by  means  of  the  following  equation 
the  relative  viscosities  x  were  calculated. 

dt 


div  tzv 


In  this  equation  which  is  used  for  calculating  relative  vis- 
cosities for  liquids  with  the  Ostwald  viscosimeter"  d  and  rfw  are 
the  densities  of  the  liquid  and  water  respectively,  and  t  and  t„ 
are  the  times  required   for  the  discharge  of  equal  volumes  of 
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liquid  and  water  respectively.  Owing  to  the  fact  that  a  clay  slip 
is  not  an  ideal  liquid  and  to  the  difference  in  construction  of 
the  viscosimeters  this  equation  is  not  exactly  correct,  hut  for 
this  investigation  it  is  sufficiently  accurate. 

The  degree  of  sedimentation  was  studied  by  putting  the 
freshly  treated  slips  in  tall  glass  tubes  and  at  the  end  of  24  and 
72  hours  respectively  the  height  of  the  kaolin  was  measured  and 
expressed  in  terms  of  the  total  heights  of  the  slip  as  the  percent 
height  of  clay  in  the  slip. 

One  inch  cubes  were  molded  with  50  parts  of  filtered  kaolin 
and  50  parts  of  potters  flint,  and  after  the  cubes  had  dried  in 
air  their  color  was  observed.  In  some  cases  cubes  were  made 
with  all  kaolin,  and  their  color  was  also  observed  when  dry. 

The  cubes  containing  50  percent  flint  were  finally  dried  at 
110°  C.  and  the  time  necessary  for  them  to  disintegrate  in  water 
at  room  temperatures  was  measured. 

RESULTS  OF  WORK 

Georgia  Kaolin.  It  was  found  that  Georgia  kaolin 
reached  a  state  of  maximum  deflocculation  when  0.72  percent 
of  one  equivalent  (i.  e.,  0.288  grams)  of  sodium  hydroxide  was 
added  to  the  slip  containing  160  grams  of  clay  and  640  grams 
of  water. 

By  examining  the  viscosity  curve  of  the  unfiltered  clay.  Fig- 
ure I.  we  see  that  upon  neutralizing  the  sodium  hydroxide  with 
sulphuric  acid  the  increase  in  viscosity  is  at  first  very  slight  until 
0.38  percent  equivalent  of  acid  are  added  when  there  is  a  sud- 
den rise  in  viscosity  from  i .  174  to  i  .370.  The  viscosity  curve  of 
the  filtered  clay  appears  to  be  close  to  that  of  the  unfiltered 
clay  except  where  an  excess  of  sulphuric  acid  has  been  added, 
apd  here  the  viscosity  appears  to  be  lower  than  that  of  the  un- 
filtered clay.  It  was  found  that  the  fine  deflocculated  clay 
passed  through  even  the  finest  filter  paper  to  a  small  extent. 

Upon  examining  the  curve  representing  the  percent  height 
of  kaolin  after  24  hours,  it  appears  that  the  untreated  kaolin 
settled  34  percent  while  the  kaolin  which  had  been  treated 
with  0.72  percent  equivalent  of  sodium  hydroxide  and  an 
equivalent   amount   of   sulphuric   acid   settled   only  20  percent. 
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After  allowing  the  slip  to  stand  72  hours  the  untreated  kaolin 
settled  50  percent  while  the  slip  neutralized  with  an  equivalent 
amount  of  sulphuric  acid  settled  37.2  per  cent.  It  appears  from 
this,  that  after  this  kaolin  has  been  treated  with  alkalies  and 
sulphuric  acid  it  is  necessary  to  allow  the  slip  to  settle  for 
a  much  longer  time  than  was  necessary  before  it  was  so 
treated. 

The  cubes  made  with  50  percent  kaolin  and  50  percent  flint 
were  allowed  to  dry  in  air  for  5  days.     Cubes  made  with  the 
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deflocculated  kaolin  appeared  to  be  whiter  than  the  untreated 
kaolin  and  very  fine  grained.  Upon  adding  sulphuric  acid  the 
color  remains  white  until  an  amount  of  sulphuric  acid  equiva- 
lent to  the  sodium  hydroxide  originally  used  is  added,  when 
the  color  becomes  a  slightly  bluish  gray.  Upon  adding  more 
sulphuric  acid  the  color  becomes  decidedly  darker.  The  dark 
discoloration  was  not  so  pronounced  in  the  cubes  of  all  clay  as 
it  was  in  the  cubes  containing  50  percent  flint,  showing  that  the 
fast  drying  due  to  the  open  structure  of  this  body  increased 
the  discoloration.     In  this  case  it  appears  that  the  discoloration 
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is  due  to  adding  too  much  sulphuric  acid,  an  amount  less  than 
the  equivalent  of  sodium  hydroxide  giving  the  best  white  color. 
The  time  of  disintegration  in  water  of  the  untreated  kaolin 
i.^  5.5  minutes  while  the  time  of  disintegration  of  the  de- 
flocculated  kaolin  is  no  minutes.  Since  clays  which  dis- 
integrate slowly  often  have  a  high  tensile  strength,  this  seems 
to  be  in   accordance   with   Bleininger's   observations'"   in   which 


ScMu^ecur 


f£fK:£/^  ^ouiyA^^fl/rs 


he  found  that  cast  bodies  containing  alkalies  may  have  a  higher 
tensile  strength  than  those  cast  without  these  reagents.  When 
neutralized  with  an  equivalent  amount  of  sulphuric  acid  the 
time  of  disintegration  is  reduced  to  5.8  minutes. 

Florida  Kaolin.  It  was  found  that  Florida  kaolin  reached 
the  state  of  maximum  deflocculation  when  i.o  percent  of  one 
equivalent  of  sodium  hydroxide  was  added  to  a  slip  containing 
160  parts  of  kaolin  and  640  parts  of  water. 

It  is  interesting  to  note  that  with  small  additions  of  sodium 
hvdroxide    (see   Figure   2),   the  viscosity  of   the  slip   increases, 


.   v..   Use   of  Sodium   Salts   in   the  Purificatioi 
Bureau   of  Standards  Tech.  Paper  5/,   p.    40. 
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and  then  with  larger  additions  it  decreases.  .This  increase  may 
be  due  to  the  presence  of  soluble  calcium"  which  is  converted 
into  calcium  hydroxide  when  sodium  hydroxide  is  added. 
Upon  adding  sulphuric  acid  it  is  seen  that  the  increase  in 
viscosity  is  at  first  small  until  between  0.25  and  0.50  per- 
cents  of  one  equivalent  of  acid  are  added  when  the  viscosity 
suddenly  rises  from  1. 1 58  to  1. 238.  When  sulphuric  acid 
ec|uivalent  to  the  sodium  hydroxide  is  added  the  viscosity  be- 
comes 1 .  306  which  is  much  higher  than  it  was  for  the  un- 
treated clay.  The  increase  in  plasticity,  which  in  some  cases 
caused  kaolin  refiners  trouble  is  undoubtedly  due  to  this  in- 
crease in  viscosity.  This  can  be  reduced  by  adding  less  sul- 
phuric acid.  For  instance  the  viscosity  .1 .  187,  which  is  the 
viscosity  of  the  untreated  clay,  is  reached  when  0.42  percent 
of  one  equivalent  of  sulphuric  acid  is  added.  The  viscosities 
of  the  filtered  kaolin  appear  higher  than  those  of  the  un- 
filtered  clay. 

Examining  the  curve  representing  the  height  of  kaolin  in 
the  slip  after  24  hours  we  find  that  the  clay  has  settled  only  8.4 
percent  after  the  chemical  treatment,  while  in  the  same  slip  be- 
fore it  was  treated  the  kaolin  settled  48.5  percent.  After  72 
hours  the  untreated  kaolin  settled  58.7  percent  while  the  slip 
neutralized  with  an  equivalent  amount  of  sulphuric  acid  set- 
tled 26.4  percent.  In  this  case  again  it  will  be  necessary  to 
allow  the  chemically  treated  slip  to  settle  for  a  longer  time  than 
was  necessary  for  the  untreated  slip.  Whether  some  other 
reagent  will  act  better  than  sulphuric  acid  in  this  respect  re- 
mains to  be  seen. 

The  kaolin  treated  with  an  excess  of  sulphuric  acid  in  this 
case  showed  no  black  discoloration  showing  that  some  clays 
are  not  discolored  by  adding  a  slight  excess  of  acid. 

The  time  of  disintegration  in  water  of  the  untreated 
kaolin  is  4.8  minutes,  while  for  the  deflocculated  kaolin  it  is 
31.7  minutes.  Upon  neutralizing  the  sodium  hydroxide  with 
acid  the  time  becomes  6.1  minutes. 


Industrie,    ;8.    1905,    pp. 


SI-T.lMU'Rrr    \ri!)   I\   TIIH  SF.DIMKNTATION   ok   K.\r)I,IX^ 


141 


North  Carolina  Kaolin.  North  Carolina  kaolin  was  de- 
flocculated  with  0.8  percent  of  one  equivalent  of  sodium 
hydroxide  added  to  a  slip  containing  i6o  grams  of  clay  and  640 
grams  of  water. 

The  viscosity  of  the  slip  is  i .  180  before  it  is  treated,  and 
when  an  equivalent  amount  of  acid  is  added  it  becomes  1.186. 
The  filtered  clay  has  a  viscosity  slightly  higher  than  the  un- 
filtered  clay. 

The  curve  representing  the  height  of  clay  in  the  slip  shows 
that  the  settle  after  an   equivalent  amount   of  acid  is  added  is 


about  the  same  as  for  the  untreated  kaolin.  Twenty-four 
hours  is  amply  sufficient  to  settle  this  kaolin. 

The  untreated  clay  showed  a  dark  color  ui)on  drying. 
This  color  became  less  api)arent  when  the  kaolin  was  de- 
flocculated,  but  when  an  amount  of  acid  equivalent  to  or  more 
than  equivalent  to  the  sodium  hydro.xide  is  added  the  black 
scumming  apjiears   worse   than   on   the  untreated  kaolin. 

The  time  of  disintegration  in  water  for  the  deflocculatcd 
kaolin  was  again  greater  than  that  of  the  untreated  kaolin. 
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Treatment  With   Different  Amounts  of  Sulphuric  Acid. 

Georgia  kaolin  was  treated  with  0.72  percent  of  one  equiva- 
lent of  sodium  hydroxide,  which  was  added  to  a  slip  containing 
160  grams  of  clay  and  640  grams  of  water.  See  Table  IV. 
Different  members  were  then  treated  with  0.52,  0.72  and 
1. 00  percents  of  one  equivalent  of  sulphuric  acid  respectively. 
The  clay  was  then  filtered,  and  varying  amounts  of  sodium 
hydroxide  were  added.  Where  the  larger  quantities  of  sul- 
phuric acid  have  been  used  larger  quantities  of  sodium 
hydroxide  are  necessary  to  produce  minimum  viscosity  in  the 
slip.  Where  an  excess  of  sulphuric  acid  has  been  used  the 
viscosity  of  the  kaolin  first  increases,  and  then  when  more 
sodium  hy(h"oxide  i.s  added  the  viscosity  again  decreases  to  a 
minimum.  The  difl:'erence  in  behavior  of  the  kaolin  treated 
with  different  amounts  of  sulphuric  acid  is  most  pronounced 
when  small  additions  of  alkali  are  added  and  is  not  very  great 
wlicrc  larger  amounts  of  alkalies  are  added. 

TABLE    IV.     VISCOSITIES    OF    GEORGIA    KAOLIN    WITH    DIFFERENT 
AMOUNTS    OF    SULPHURIC     ACID 


NaOH     IN 
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1.420 
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1.143 

1.147 
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0.192 

1.108 

1.142 

1.147 

1 . 1.58 
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0.288 

1.168 

1.142 

1.144 

1.150 

7 

0.384 

1.168 

1.14.^ 

1.147 

1.1. 55 

8 

0.480 

1.168 

1.15.5 

1..336 

1.164 

9 

0.800 

1.168 

1.162 

1.332 

1.164 

SUMMARY 

The    \iscosity   data    indicates    that    in    the   case   of    Florida 

and  North  Carolina  kaolins  the  viscosity  is  increased  over  what 

it   was   originally   when   the   slip   is   neutralized    w-ith    sulphuric 

acid   equivalent  to   the   sodium   liydroxide   first   added.     To   re- 
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duce  this,  an  amount  of  sulphuric  acid  less  than  the  equivalent 
of  sodium  hydroxide  sliould  he  added,  this  amount  varying 
with  different  clays. 

In  the  case  of  the  Florida  and  Georgia  kaolins,  it  was 
found  that  the  sedimentation  was  much  slower  after  the  slips 
had  been  treated  with  sodium  hydroxide  and  sulphuric  acid 
than  before  they  were  treated. 

In  some  cases  the  black  discoloration  on  the  dry  kaolin  is 
caused   by    adding   an    excess    of    sulphuric    acid.      The    proper 
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amount  to  use  to  overcome  this  would  have  to  be  determined 
for  each  clay.  It  seems  that  an  amount  less  than  the  equivalent 
amount  of  sodium  hydroxide  is  satisfactory  in  most  cases. 

The  deflocculated  kaolin  in  each  case  could  not  be  filtered, 
the  fine  particles  passing  through  the  filter  to  a  small  extent, 
and  also  clogging  up  the  same.  When  the  kaolin  is  partly 
neutralized  by  adding  sulphuric  acid  to  the  slip  it  can  be  fil- 
tered readily. 

The  rate  of  disintegration  in  water  is  much  slower  for  the 
deflocculated  kaolin  than   for  the  untreated  kaolin. 
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Care  should  be  taken  to  add  the  same"  amount  of  acid  to 
alkali  in  the  kaolin  slip,  because  any  variation  of  acid  would 
make  the  kaolin  act  dififerently  towards  alkalies.  Those  slips 
which  have  been  treated  with  larger  additions  of  sulphuric 
acid  rc(|uirc  more  alkalies  to  jiroduce  the  same  degree  of  dis- 
persion. 

In  conclusion  the  author  wishes  to  acknowledge  his  in- 
debtedness to  Prof.  A.  S.  W'att.s  for  suggestions  on  this  work. 

DISCUSSION 

Mr.  Washburn:  (  )ne  might  suspect  that  the  presence  of 
the  black  material  might  be  due  to  the  charring  of  the  organic 
matter  either  in  the  water  or  the  clay,  and  that  could  be  easily 
ascertained  by  seeing  if  the  same  effect  is  produced  when  hydro- 
chloric acid  is  employed. 

Mr.  Barringer:  Has  any  other  acid  been  used  in  experi- 
menting? 

Mr.  Schurcclit :  No  other  acid  was  used  in  experimenting, 
because  we  did  not  have  time.  I  might  say  that  we  concentrated 
some  of  the  liquid  which  we  filtered  off  of  the  clay  and  made 
another  briquette  out  of  it,  and  we  found  that  the  scumming 
effect  was  much  more  pronounced  than  it  was  originally.  This 
would  tend  to  show  that  it  is  the  effect  of  sulphuric  acid  on  the 
organic  matter  that  causes  this  trouble.  The  vapor  tension  of 
sulphuric  acid  is  much  less  than  that  of  water,  and  therefore 
during  the  la.st  stages  of  drying  the  concentration  of  the  sul- 
])liuric  acid  is  high. 
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In  connection  with  papers  on  "The  Relative  Action  of  Acids 
on  Enamel"  contained  in  \'olume  XVII,  page  137  and  Volume 
XVIII,  pages  162  and  927  of  the  Transactions  of  this  Society, 
it  was  brought  out  that  while  proper  acid  resistance  of  a  frit 
is  a  prerequisite  for  the  quality  of  the  final  product,  other  mat- 
ters have  a  bearing  on  the  resistance  of  the  enamel  as  it  meets 
the  trade. 

There  are  two  possible  changes  caused  by  subsequent 
manipulation  which  could  alter  the  resistance  of  the  frit.  \'aria- 
tions  in  the  processes  might  bring  about,  in  the  first  place, 
physical  dififerences  as  to  the  final  surface  and  homogeneity  of 
the  enamel,  and  secondly,  chemical  changes  either  by  virtue  of 
mill  additions  or  further  reaction  due  to  the  burning  of  the  ware. 

A  thorough  investigation  of  the  above  ideas  would  include 
a  study  of  the  physical  and  chemical  conditions  of  the  enamel 
as  it  exists  after  burning.  Some  efforts  have  been  made  along 
this  line  involving  a  study  of  enamel  surfaces  under  the  micros- 
cope.    It  may  be  worth  while  to  note  the  results. 

Procedure.  The  work  which  has  been  done  to  date  in- 
volves a  brief  stud\-  of  the  variations  of  physical  condition  of 
the  enamel  after  burning  and  the  bearing  of  these  differences 
on  the  acid  resistance  of  the  enamel,  together  with  an  examina- 
tion of  various  commercial  enamels  from  a  point  of  view  of 
their  jihysical  homogeneity  as  revealed  by  the  microscope. 

A  relatively  soft  enamel  which  is  in  commercial  use  was 
employed  in  making  a  series  of  trial  cups,  which  were  burned 
under  varying  conditions.  The  first  piece,  designated  as  A-i, 
was  underburned  but  to  a  degree  which  would  not  carry  it  far 
beyond  a  commercial  possibility.  The  second,  A-2.  was  given 
as  near  the  proper  burn  as  possible  and  the  third.  A-3,  was  some- 
what overburned.  The  resulting  pieces  were  examined  under 
tlie  microscope.  Three  similar  cups  designated  as  A-4,  A-5 
■     (14iil 


i;.\AMKi,  .si:Ri".\cii:s  unorr  tiii:  microscope 


147 


Sample   A  2. 


148  HXAMEL  SURFACES   UXDER  THE   MICROSCOPE 

and  A-6,  were  burned  under  the  same  conditions  as  A-i.  A-2 
and  A-3,  respectively,  and  treated  with  warm  dilute  hydrochloric 
acid  for  several  hours.  The  resulting  surfaces  were  examined 
and  photographed. 

The  second  portion  of  the  work  involved  obtaining  various 
specimens  of  commercial  enamels  from  both  the  culinary  and 
the  acid  resisting  field.  The  samples  examined  were  the  fol- 
lowing : 

B-i     A  sample  of  gray  ware  branded  "Extra  Coated 

Aluminum"  —  apparently  a  two-coat  enamel. 

B-2     A  one-coat  granite. 

B-3  A  mottled  chocolate-brown  and  white,  branded 
"Triple  Coated ". 

B-4     A  mottled  blue  and  white. 

B-5     A  pale  blue  German  enamel. 

B-6     A  blue  acid-resisting  ware  of  inferior  quality. 

B-7     A  mottled  brown  acid-resisting  enamel. 

B-8     A  blue  acid-resisting  enamel. 

Several  samples  of  white  ware  were  examined,  but  no 
satisfactory  results  as  to  micropliotographs  were  obtained  due 
to  a  lack  of  contrast  of  the  field. 

The  microscopic  examination  has  involved  a  study  of  the 
surface  of  the  enamel  as  it  has  appeared  with  oblique  illumina- 
tion and  a  magnification  of  about  75  diameters  at  the  plate  of 
the  camera.  The  use  of  larger  magnifications  has  failed  to  give 
as  comprehensive  an  idea  of  the  general  conditions  as  has  the 
above  mentioned  power.  To  determine  the  nature  of  certain 
areas  which  appeared  indefinite  at  75  diameters,  higher  powers 
have  been  used.  The  result  has  been  the  identification  of  various 
small  collections  of  minute  bubbles,  which  at  75  diameters  sug- 
gested unfused  material. 

Observations.  F'arallel  to  the  consideration  of  the  micro- 
photographs,  it  will  be  well  to  describe  briefly  each  sample  as 
it  appears  to  the  naked  eye. 

Sample  A-i  :  A  medium  blue  enamel  with  fair  gloss,  the 
surface  being  slightly  rough  to  the  touch.    Under  the  microscope 
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Fig.  4.     Sample  A  4. 
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this  enamel   shows  an  indefinite  field  of  unfused  material  and 
minute  bubbles  with  practically  no  large  bubbles.     Fig.  i. 

Sample  A-2 :  The  enamel  is  about  the  same  in  color  as 
A- 1,  but  has  a  much  better  gloss  and  is  smooth  to  the  touch. 
There  is  no  surface  pitting.  The  microphotograph  shows  a  rea- 
sonably uniform  field  similar  to  that  obtained  from  A-i  and  in 
addition  a  noticeable  distribution  of  large  bubbles  on  a  back- 
ground containing  unfused  material  and  fine  bubbles.     Fig.  2. 

Sample  A-3 :  The  color  of  the  enamel  is  much  darker 
than  A- 1  and  A-2.  The  gloss  is  very  good,  but  there  is  a  ten- 
dency to  surface  pitting.  On  magnification  there  is  found  to 
be  a  dark  blue  background  of  homogeneous  glass  showing  no 
unfused  material.  In  the  foreground  is  a  very  even  distribution 
of  large  well  formed  bubbles.     Fig.  3. 

Before  discussing  samples  A-4,  A-5,  and  x'\-6,  it  will  be 
necessary  to  understand  the  difference  of  surface  appearance 
of  a  blue  enamel  produced  by  different  degrees  or  acid  action. 
If  the  action  is  very  slight  a  peculiar  surface  discoloration  with- 
out appreciable  loss  of  gloss  is  noted.  As  the  action  becomes 
more  severe,  the  discoloration  develops  to  a  loss  of  gloss  and 
a  lighter  color.  The  surface  can  be  definitely  scratched  with 
a  knife.  As  the  action  again  increases,  the  more  soluble  con- 
stituents of  the  enamel  go  into  solution,  and  leave  behind  a 
very  fine,  white  powder  which  can  be  rubbed  off  when  the  sur- 
face is  dry.  This  condition  is  termed  "chalking"  and  indicates 
a  ver\-  severe  action.  With  these  points  in  mind  we  can  more 
clearh-  discuss  the  samples  which  have  been  tested  with  acid. 

Sample  A-4:  Similar  to  A-i,  treated  with  acid.  Surface 
dull  and  light  in  color.  Practically  no  chalking.  Under  the 
microscope  quite  similar  to  A-i.  The  tops  of  some  of  the  small 
bubbles  are  apparently  eaten  off,  leaving  minute  crater-like 
spots.     Fig.  4. 

Sample  A-5 :  To  the  naked  eye  this  sample  is  very  similar 
to  A-4.  Fine  hair-like  lines  show  traces  of  "curling"  which 
should  not  be  taken  as  bearing  on  the  present  consideration. 
This    sample     showed     practically    no    chalking.       Under    the 
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Fig.  6.    Sample  A  B. 
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microscope  tlie  appearance  is  quite  similar  to  that  of  A-4  only 
the  minute  craters  are  slightly  more  noticeable.    Fig.  5. 

Sample  A-6:  The  appearance  of  this  sample  after  the 
acid  treatment  was  quite  similar  to  A-5  and  A-4,  except  that 
surface  was  lighter  in  color.  It  has  chalked  very  markedly, 
showing  a  far  greater  action  by  the  acid  than  was  the  case  with 
either  of  the  other  samples.  The  microscope  shows  that  many 
of  the  larger  bubbles  indicated  in  the  microphotograph  of  A-3 
have  been  destroyed,  leaving  cup  shaped  depressions  scattered 
over  the  surface.  Several  of  the  bubbles  which  apparently 
were  not  reached  bv  the  acid  can  be  seen  in  the  background. 
Fig.  (\. 

Commercial  Ware.  Keeping  the  foregoing  observations 
in  mind  and  remembering  that  A-i  and  A-4  were  underburned, 
A-2  and  A-5  normally  burned  and  A-3  and  A-6  overbumed,  it 
will  be  interesting  to  consider  in  like  manner  the  various  sam- 
jiles  of  commercial  ware  and  the  microphotographs  obtained 
therefrom. 

Sample  ll-i  :  This  is  a  light  gray,  fairly  glossy  enamel  with 
a  few  dark  gray  blotches,  the  surface  in  general  being  quite 
spotted  and  pitted.  The  microscope  shows  a  field  consisting 
essentially  of  minute  bubbles  in  the  background  with  larger  ones 
near  the  surface.  There  are  a  few  blotches  of  a  very  indefinite 
nature.  As  a  whole  the  porosity  is  quite  marked.  The  micro- 
photograph  is  very  unsatisfactory,  in  view  of  the  uniformity 
of  color  and  resulting  lack  of  contrast,  although  the  specimen 
observed  under  the  microscope  with  the  eye  shows  the  above 
very  definite  characteristics. 

Sample  B-2 :  This  is  a  glossy  granite  with  the  light  and 
dark  portions  quite  evenly  distributed.  Some  surface  spotting 
and  pitting  is  noticeable.  The  microscope  discloses  a  field  of 
light  and  dark  gray,  quite  porous,  the  lighter  portion  consisting 
of  finer  bubbles  than  the  dark  portion.  There  is  a  trace  of 
unfused  material  scattered  throughout  the  field.  The  porosity 
as  a  whole  is  quite  marked  and  irregular. 

Sample  R-3 :  This  enamel  is  a  .very  pleasing,  glossy, 
chocolate-brown   and   white   mottled  product  with   a  good   sur- 
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Fig.   7.    Sample   B    1. 
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face.  Under  the  microscope  are  seen  white  blotches  intermixed 
with  chocolate-brown  blotches,  both  consisting  of  bubbles  fairly 
tiniform  in  size  and  quite  close  together. 

Sample  B-4:  This  enamel  is  blue  with  a  few  white  blotches 
and  has  rather  poor  gloss.  There  is  practically  no  pitting  on 
the  surface.  The  microscopic  field  is  very  indefinite,  consisting 
of  rather  irregular  dark  blue  areas  between  patches  of  lighter 
blue  porous  material.  The  average  bubble  size  is  apparently 
much  smaller  than  in  the  previous  samples  observed. 

Sample  Ii-5  :  This  is  a  light  blue  enamel  with  a  very  good 
gloss  and  pleasing  appearance.  There  is  apparently  no  pitting, 
but  on  close  examination  an  irregular  surface  spotting  is  noted. 
With  the  microscope  one  notes  an  indefinite  field  consisting  of 
a  light  blue  background  containing  fine  bubbles  and  unfused 
materia],  through  which  are  scattered  rather  large  bubbles  and 
particles  of  dark  blue  material  together  with  blotches  suggest- 
ing dirt  fused  on  to  the  surface  of  the  enamel. 

Sample  B-d:  This  enamel  is  a  glossy  dark  blue  with  some 
surface  pitting.  It  resembles  a  thick  somewhat  overburned 
ground  coat.  The  microscopic  field  shows  an  indefinite  blue 
background  with  numerous  large,  well  developed,  spherical  bub- 
bles in  the  foreground.  There  is  no  indication  of  unfused 
material. 

Sample  I!-":  This  is  a  mottled  enamel  of  dark  and  lighter 
brown  color,  with  a  glossy  surface.  There  is  practically  no 
l)itting.  The  microscope  shows  a  mass  of  irregular  bubbles 
Avith  particles  of  unfused  material  near  the  surface  and  rather 
indefinite  blotches  some  of  which  seem  to  be  stirface  scars. 

Sample  B-8:  This  enamel  is  medium  blue  in  color  with 
good  gloss  and  practically  no  surface  pitting.  Under  the  micro- 
scope it  presents  a  very  uniform  field  consisting  essentially  of 
minute  bubbles. 

Conclusions.  The  foregoing  considerations  show  quite 
definitely  that  a  marked  difl:"erence  in  physical  condition  may  be 
brought  about  by  variations  in  treatment  of  a  given  frit  and 
that  under  commercial  conditions  such  variations  do  exist.  If 
the  enamel  is  rather  lightly  burned,  the  major  portion  seems  to 
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fuse  to  a  matrix  of  glass  containing  fine  bubbles  and  particles 
of  unfused  material  in  suspension.  No  doubt  this  unfused 
material  consists  essentially  of  clay  or  other  of  the  more 
refractory  mill  additions.  If  the  enamel  is  burned  to  about 
the  normal  degree,  this  unfused  material  practically  disappears 
and  the  minute  bubbles  seem  to  run  together,  forming  larger 
units  and  leaving  greater  masses  of  glassy  material  between. 
On  further  burning,  the  bubbles  continue  to  combine  until  they 
become  of  sufficient  size  to  produce  surface  pitting  which  can 
be  detected  by  the  naked  eye.  There  are  apparently  chemical 
reactions  which  take  place,  resulting  in  the  formation  of  gases 
giving  rise  to  this  increasing  porosity. 

The  writer  wishes  to  express  his  appreciation  for  the  valua- 
ble co-operation  of  his  assistant,  Mr.  S.  F.  Pickering,  in  obtain- 
ing the  above  microphotographs. 

DISCUSSION 

Mr.  Shai^<:  I  wish  to  say  just  one  word,  in  regard  to  the 
formation  of  tlrose  bubbles ;  in  re-burning  it  seems  reasonable  to 
suppose  that  when  you  put  raw  clay,  borax  and  magnesium  sul- 
phate in  your  enamel  that  you  are  going  to  have  some  reaction 
when  }ou  heat  it  to  a  thousand  degrees.  I  think  that  insufificient 
smelting  is  probably  the  cause  of  a  good  deal  of  the  action  which 
takes  place  after  the  enamel  is  put  oil  the  ware. 

DISCUSSION    SUBMITTED    AFTER    READING    PAPER 

Mr.  Shaiv:  I  think  Mr.  Poste  has  performed  a  distinct 
service  in  revealing  the  exact  physical  nature  of  enamels. 

The  general  conception  of  an  iron  enamel  is  that  of  a 
glass  coating  over  the  surface  of  the  iron.  In  fact  that  is 
generally  the  description  given ;  but  a  metal  enamel  when  applied 
very  rarely  even  approaches  in  its  physical  nature  that  of  glass 
or  glazes.  The  latter  are  as  a  rule  homogeneous  and  free  from 
gas  bubbles  while  enamels  are  composed  of  small  particles  of 
enamel  frit,  melted  and  sintered  together  and  containing  innum- 
erable bubbles  of  entrapped  gases.     This  gas  is  partly  air,  partly 
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Fig.    13.    Sample  B  7. 


Fig.    14.     Sample  B 
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gases  liberated  from  raw  material  added  t(j  the  fril  and  partly 
gas  liberated  from  the  frit  itself. 

The  method  of  applying  enamels  and  the  nature  of  the 
material  to  which  they  are  applied  preclude  the  possibility  of 
burning  them  to  such  a  state  of  homogeniety  as  is.  obtained  in 
glass  or  glazes.  !)ut  it  is  oijvious  that  the  more  nearly  they  are 
brought  to  such  a  state  the  better  they  will  be  able  to  resist  the 
corrosive  action  of  solvents.  In  view  of  this  fact  the  importance 
of  the  work  outlined  here  by  Mr.  Poste  becomes  apparent  and 
it  is  to  be  hoped  he  will  carry  it  further. 


GLASS  SANDS 

BY   CHARLES   R.    FETTKE,   PITTSBURG,    PA. 

Glass  sands  are  sands  that  are  made  up  almost  entirely  of 
quartz  grains  found  in  nature  either  in  the  form  of  loose,  un- 
consolidated sediments  or  in  deposits  in  which  the  individual 
grains  are  more  or  less  thoroughly  bound  together  by  some 
cementing  agent.  In  the  manufacture  of  glass,  such  sands  are 
now  used  almost  exclusively  as  the  source  of  the  silica  which 
is  the  major  constituent  of  this  useful  substance. 

Quartz  crystallizes  in  the  rhombohedral  division  of  the 
hexagonal  system.  When  the  crystal  form  develops  it  most 
frequently  consists  of  a  hexagonal  prism  terminated  by  two 
rhombohedrons,  or  sometimes  of  double  six-sided  pyramids 
made  up  of  two  rhombohedrons.  Usually  it  occurs  in  the  mas- 
sive form  with  no  crystal  faces  developed.  These  occurrences 
vary  from  coarse  to  fine  granular  in  texture,  or  even  to  crypto- 
crystalline  as  in  the  case  of  the  chalcedonic  and  jaspery  varieties. 
Quartz  does  not  tend  to  break  along  any  well  defined  planes, 
in  other  words  it  has  no  cleavage,  but  breaks  with  equal  readi- 
ness in  all  directions.  It  usually  breaks  with  a  more  or  less 
rounded  or  curved  surface  known  as  conchoidal  fracture.  Its 
hardness  is  seven  according  to  Moh's  scale,  which  makes  it  a 
comparatively  hard  mineral.  Its  specific  gravity  varies  from 
2.653  ^^  2.654.  In  thin  sections  quartz  is  colorless,  but  it 
often  contains  inclusions  of  various  kinds  which  ser\e  as  pig- 
ments and  give  a  color  to  thick  slices  and  masses  of  the  mineral. 
Thus  (|uartz  may  be  yellow,  red,  brown,  green,  blue,  or  black.  It 
has  a  \itreous  luster. 

Quartz  according  to  Day  and  Shepherd  fuses  at  a  tempera- 
ture of  1600°  C  or  2(;i2°  F.  When  finely  ground  quartz  is 
heated  with  tungstate  of  soda  it  remains  unchanged  until  a 
temperature  of  about  870°  C.  is  reached.  At  temperatures  above 
this,  it  is  gradually  converted  into  tridymite.  Tridymite  occurs 
in  nature  as  a  mineral   in  certain  volcanic  lavas,  especially  the 
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more  siliceous  and  feldspalhic  kinds  either  in  the  form  of 
small  aggregations  in  the  massive  rock  or  as  minute  crystals 
in  cavities  associated  with  quartz  or  opal  and  feldspar.  It  has 
also  been  found  in  meteorites.  Tridymite  is  stable  at  all  tem- 
peratures from  870°  ±C.  up  to  1470°  ±C.,  where  the  inversion 
to  a  third  form  known  as  cristobalite  takes  place'.  From 
I470°C.  on,  no  further  changes  occur  up  to  the  mehing  point. 

Quartz  is  unattacked  by  acids  other  than  hydrofluoric  and 
is  only  slightly  attacked  by  solutions  of  the  fixed  caustic  alkalies. 
This  resistance  to  the  attack  of  the  ordinary  acids  explains  the 
general  absence  of  alterations  in  the  quartz  cr)'stals  of  rocks, 
except  where  they  have  been  subjected  to  profound  alteration 
or  metamorphism.  Ordinary  processes  of  weathering  do  not 
attack  quartz.  It  appears  fresh  and  unaltered  when  other  min- 
erals have  been  decomposed. 

Quartz,  as  has  already  been  pointed  out,  very  frequently 
contains  inclusions  of  other  substances.  At  times  these  are  suffi- 
ciently large  to  be  visible  to  the  naked  eye  but  usually  they  are 
of  microscopic  size.  These  inclusions  arc  largely  responsible 
for  the  various  colors  developed  at  times  in  quartz.  They  may 
be  divided  into  gaseous,  liquid,  and  solid  inclusions. 

The  gaseous  and  liquid  inclusions  usually  occupy  irregularly 
shaped  cavities  in  the  quartz,  although  sometimes  they  have  the 
form  of  the  enclosing  mineral.  The  liquid  in  most  cases  is 
water,  but  liquid  carbon  dioxide  may  also  be  present.  Gaseous 
hubbies  sometimes  movable,  often  accompany  the  liquid  inclu- 
sions. Cubes  of  some  colorless  mineral,  possibly  sodium 
chloride,  are  also  found  occasionally  in  these  cavities.  This 
causes  the  fetid  odor  of  certain  samples  of  quartz  when  struck 
a  sharp  blow.  The  milky  white  color  developed  in  certain 
varieties  of  quartz  is  generally  due  to  the  reflection  of  light 
from  these  inclusions  of  gas  and  liquid. 

Among  the  solid  inclusions  found  in  quartz  are  a  consider- 
able number  of  minerals.  One  of  the  most  common  of  these 
is  rutile  (TiO,),  which  often  occurs  in  quartz  in  extremely  thin 
microscopic  needles.     Minute  crystals  of  apatite  and  plates  of 

■  The  Various  Forms  of  Silica  and  Their  Mutual  Relations.  Clarence  Fcnner. 
Journal   of  the    H'ashnglon   Academy    of   Sciences.    December   4,    1912,    Vol.    2.) 
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ilmenite  abound  in  blue  quartzes,  found  in  certain  granites 
and  porphyries.  Other  minerals  occasionally  found  in  quartz 
as  inclusions  are  needles  of  tourmaline,  epidote,  actinolite, 
tremolite,  and  chlorite.  These  are  the  most  common  mineral 
inclusions,  but  others  have  also  been  found  in  certain  quartzes. 
These  inclusions  are  often  arranged  along  lines,  curved  surfaces, 
or  sometimes  parallel  to  the  crystal  faces  of  the  quartz. 

Ouartz  is  one  of  the  most  aljundant  minerals  found  in 
nature.  It  is  an  essential  constituent  of  many  igneous  rocks 
among  the  most  important  of  which  may  be  mentioned  rhyolite, 
granite,  dacite,  quartz  diorite,  granite  pegmatite,  and  the  cor- 
responding porphyries.  In  such  sedintentary  rocks  as  sand- 
stone and  conglomerate  and  the  loose  materials,  sand  and  gravel 
from  which  these  are  derived,  it  is  usually  the  chief  and  often 
nearly  the  only  constituent  present.  In  many  of  the  meta- 
morphic  rocks  such  as  the  quartzites,  gneisses,  and  the  mica 
schists  it  is  also  an  important  component.  It  is  also  a  very 
prominent  vein  forming  mineral  being  often  found  occurring  in 
fissures  and  other  crevices  and  cavities  in  the  rocks  where  it 
has  been  precipitated  from  silica  bearing  solutions.  Considerable 
quantities  are  also  deposited  at  times  by  hot  springs  and  geysers. 
F.  W.  Clarke-  estimated  that  quartz  forms  about  12  percent 
of  the  entire  lithosphere. 

From  its  widespread  distribution  in  nature  it  will  be  readily 
seen  that  the  mineral  quartz  must  form  under  a  great  many 
different  conditions.  This  is  borne  out  by  investigation.  As 
has  already  been  stated  quartz  is  an  important  constituent  of 
certain  types  of  igneous  rocks.  Here  it  was  crystallized  directly 
from  the  molten  condition.  It  is  usually  one  of  the  last  minerals 
to  separate  out  where  crystallization  is  taking  place  in  a  cooling 
lava  or  magma.  Quartz  occurring  as  a  vein  filling  in  fissures 
and  other  crevices  in  the  earth's  crust  has  crystallized  out  from 
water  solutions.  These  solutions  may  have  been  at  high  tem- 
peratures at  the  time  the  crystallization  occurred  or  they  may 
have  been  at  ordinary  temperatures,  the  mineral  being  found 
in   both    types   of   veins.      Quartz,    therefore,    forms    in    nature 

'  Bulletin   616.    U.   S.   Ceol.   Sur^'ey.   p.    361.    1916.). 
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either  as  a  direct  crystallization  product  from  molten  silicate 
solutions  or  by  precipitation  from  water  solutions. 

As  has  been  seen  above,  quartz  occurs  in  nature  in  a  large 
number  of  different  forms  and  under  a  great  variety  of  con- 
ditions. From  the  standpoint  of  the  glass  manufacturer,  how- 
ever, only  a  few  of  these  are  of  interest  as  possible  sources  of 
silica  for  his  purpose.  At  the  present  time  very  nearly  pure 
qu,artz  sands,  made  up  almost  entirely  of  little  grains  of  quartz 
varying  in  size  from  o.  i  to  0.4  millimeters  in  diameter,  furnish 
jiractically  the  only  source  of  silica  for  the  glass  industry. 

As  has  been  stated  before,  quartz  is  an  important  con- 
stituent of  many  of  the  rocks  which  make  up  the  lithosphere. 
Rocks  are  simply  aggregates  of  one  or  more  minerals.  They 
can  be  divided  into  three  large  groups,  namely,  the  igneous,  the 
sedimentary,  and  the  metamorphic.  Igneous  rocks  are  those 
which  have  been  formed  directly  by  consolidation  from  the 
molten  state  either  underneath  the  earth's  surface  or  upon  it. 
.Sedimentary  rocks  are  those  wliich  have  been  formed  by  the 
accumulation  and  consolidation  of  materials  derived  from  the 
mechanical  disintegration  and  chemical  decomposition  of  rocks 
of  any  one  of  the  above  types,  upon  exposure  to  the  various 
agents  of  \veathering  active  on  the  earth's  surface.  Meta- 
nior])hic  rocks  are  those  which,  originally  either  igneous  or 
sedimentary,  have  been  altered  in  texture,  structure,  or  mineral 
composition  through  any  one  or  more  of  the  various  geologic 
agents  active  in  bringing  about  changes  in  rocks.  Quartz  is 
an  essential  constituent  of  certain  rocks  falling  in  all  three  of 
these  groups,  .\mong  igneous  rocks  such  types  as  rhvolite, 
granite,  dacite  and  quartz  diorite  have  already  been  mentioned,  in 
the  case  of  the  sedimentary  rocks,  sandstones  and  conglomerates, 
and  among  metamorphic  rocks,  quartzites,  mica  schists,  and 
gneisses. 

For  the  purpose  of  glass  manufacture,  however,  it  is  neces- 
sary that  the  quartz  be  not  only  an  essential  constituent  of  the 
rock,  but  it  must  be  practically  the  only  constituent  present. 
This  type  of  rock  is  found  in  the  case  of  certain  sandstones 
among  the  sedimentary  rocks.  Sand  deposits  and  sandstones 
occur  in  nature  that  contain  over  99  percent  silica.     It  is.  there- 
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fore,  in  the  origin  of  this  type  of  sedimentary  rock  that  the 
glass  manufacturer  is  particulaily  interested. 

As  has  already  been  stated,  sedimentary  rocks  are  derived 
from  materials  produced  Ijy  the  mechanical  disintegration  and 
chemical  decomposition  of  previously  existing  rocks  on  the 
earth's  surface  which  have  been  exposed  to  the  action  of  the 
various  atmospheric  agents  such  as  the  gases  present  in  the 
atmosphere,  rain,  frost,  and  changes  of  temperature.  The 
alteration  which  takes  place  when  rocks  are  thus  exposed  is 
known  as  weathering.  Under  ordinary  conditions  it  involves 
both  mechanical  and  chemical  changes  in  the  rocks  exposed  at  the 
earth's  surface. 

Temperature  changes  and  the  frost  are  the  most  active 
agents  in  producing  mechanical  disintegration  in  the  rocks  ex- 
posed at  the  earth's  surface.  Where  naked  rocks  are  exposed 
to  the  direct  rays  of  the  sun  during  the  day.  the  outer  layers 
of  rock  become  heated  and,  therefore,  expand.  As  rocks  are 
poor  conductors  of  heat,  only  a  comparatively  thin  outer  shell 
is  aflfected.  At  night,  these  same  rocks  are  cooled  from  the 
surface  inward  and  contract,  the  outermost  portions  cooling 
of?  first  while  a  little  further  down  the  rock  is  still  heated. 
This  causes  stresses  to  be  set  up  in  the  rocks  which  after  a 
time  are  sufficient  to  cause  the  rock  to  exfoliate  or  split  ofif  from 
the  surface.  Crevices  and  fissures  in  the  rocks  are  also  slowly 
widened  by  these  stresses. 

Most  rocks  consist  of  aggregates  of  more  than  one  mineral. 
Each  of  these  minerals  has  a  different  coefficient  of  expansion. 
\Mien,  therefore,  the  temperature  rises,  the  minerals  expand 
and  crowd  against  each  other,  and  when  the  temperature  drops, 
they  contract  and  draw  farther  apart.  The  stresses  thus  pro- 
duced by  the  unequal  e.vpansion  and  contraction  of  the  minerals 
making  up  a  rock  will  cause  the  formation  of  small  cracks,  by 
which  water  gets  access  to  the  rock  and  sets  up  chemical  action, 
or  in  which  roots  of  jjlants  get  a  hold  and  further  disintegrate 
the  rock. 

Most  rocks  are  traversed  by  fractures  and  cracks  of  various 
kinds  running  in  different  directions.  Many  are  also  porous. 
Water  gets   into  these  openings  and.   if  the  temperature  drops 
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sufficiently,  freezes.  In  doinj,''  so  it  expands  about  one-tenth 
of  its  original  volume  and  e.xerts  a  pressure  of  about  one  hundred 
and  fifty  tons  to  the  square  foot.  Where  the  entire  opening  is  full 
of  water  at  the  time  freezing  occurs,  a  tremendous  force  is  thus 
e.xertcd  on  the  rock  which  tends  to  disrupt  it.  In  this  manner 
rocks  are  broken  down  into  smaller  antl  smaller  fragments  at 
the  earth's  surface. 

In  addition  to  the  above  mechanical  disintegration  of  rocks, 
weathering  also  involves  chemical  decomposition  of  the  con- 
stituent minerals.  Moisture,  especially  when  it  condenses  in 
the  form  of  rain,  is  the  most  active  agent  in  the  atmosphere  in 
producing  this  change.  A  part  of  the  rain  which  falls  on 
the  earth's  surface  evaporates  again,  and  passes  into  the  atmos- 
phere, a  i)art  runs  ofif  the  surface  and  finds  its  way  into  the 
streams,  while  a  third  portion  soaks  into  the  ground.  It  is  this 
])ortion  which  is  the  active  agent  in  producing  chemical  de- 
comiposition  of  the  mineral  components  of  the  rock. 

Rain  water  always  contains  in  solution  varying  amounts  of 
the  gases  present  in  the  atmosphere.  Among  these,  oxygen  and 
carbon  dioxide  are  the  most  active  chemically.  As  has  already 
been  stated  practically  all  rock  masses  are  traversed  by  fractures 
and  cracks  of  varying  size  and  the  rocks  themselves  are  more 
or  less  porous.  The  water  which  soaks  into  the  ground  traverses 
these  crevices  in  its  downward  course  and  thus  comes  in  contact 
with  the  minerals  of  the  rock,  which  it  attacks. 

The  most  important  chemical  reactions  v^diich  result  are 
hydration,  oxidation,  carbonation,  and  solution.  Hydration  con- 
sists in  the  absorption  of  water  which  results  in  the  production 
of  hydrous  minerals.  Oxidation  consists  in  the  conversion  of 
compounds  of  a  lower  state  of  oxidation  into  ones  of  a  higher 
state.  Carbonation  consists  in  the  union  of  carbon  dioxide 
with  bases  to  form  carbonates.  Carbon  dioxide  tends  to  replace 
silica  in  the  silicates.  Many  of  the  new  compounds  thus  formed 
are  more  or  less  soluble  in  water  and  are,  therefore,  dissolved 
by  the  ground  water  as  it  percolates  through  the  rock  and  are 
carried  away  in  solution. 

.■\s  a  result  of  these  processes  of  weathering  a  loose  mantle 
of   material  accumulates  over  the   rocks  exposed  at   the  earth's 
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surface  wherever  the  various  agents  of  transportation  such  as 
water  and  wind  are  not  sufficiently  active  to  remove  it  as  fast 
as  it  forms.  Soil  is  the  term  commonly  applied  to  this  mantle. 
It  consists  of  unaltered  or  only  partially  altered  fragments  of 
the  original  rock  in  addition  to  the  various  secondary  minerals 
derived  from  the  alteration  of  the  original  minerals,  which 
made  up  the  rock  from  which  it  is  derived.  Certain  of  the 
rock  making  ininerals  are  readily  attacked  and.  therefore,  dis- 
appear in  the  soil  being  represented  only  by  their  alteration 
products.  The  mineral  orthoclase  which  is  an  important  mineral 
in  many  igneous  rocks  may  be  taken  as  an  example  to  show  how 
the  agents  of  the  atmosphere  attack  and  decompose  a  mineral. 
The  reaction  is  as  follows  :  — 

2KAlSi.,0,  +  2H,0  +  CO,  =  H,ALSi,0,  +  4SiO,+KX03. 

Orthoclase  \\'ater      Carbon       Kaolin         Quartz    Potassium 

Dioxide  Carbonate 

In  the  above  case  the  kaolin  remains  behind  in  the  soil  as  a 
soft  clayey  mass.  The  silica  when  first  liberated  is  a  little  more 
soluble  and  may  in  part  be  carried  away  in  solution  to  be  pre- 
cipitated at  lower  levels  in  the  form  of  quartz.  The  potassium 
carbonate  is  readily  soluble  in  water  and  goes  into  solution.  In 
part  it  is  taken  up  by  plants,  and  in  part  it  is  carried  away 
by  the  circulating  ground  waters.  Most  of  the  other  rock 
making  minerals  are  attacked  in  a  similar  manner,  some  more 
and  some  less  readily  than  orthoclase.  The  resulting  products 
form  a  loose  soft  clayey  mass.  The  mineral  quartz  on  the 
other  hand,  which  as  has  already  been  stated  is  also  an  important 
component  of  many  rocks  is  very  resistant  and  is  practically 
not  attacked  at  all  by  the  above  agents  of  weathering.  It 
still  remains  in  the  residual  mantle  formed  after  the  process  of 
weathering  has  gone  to  completion. 

The  little  grains  of  quartz  of  the  original  rock  are.  there- 
fore, distributed  through  the  soft  loose  clayey  material  derived 
from  the  alteration  of  the  other  important  rock  making  minerals. 
In  order  to  obtain  a  quartz  sand  it  is  now  necessary  for  one 
or  more  of  the  various  transporting  agents  present  in  nature 
to  remove  this  weathered  material  from  its  original  position  and 
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to    separate    the   (|uartz    from    tlie    clayey    material    in    which    it 
is  embedded. 

Running  water  is  one  of  the  most  important  transporting 
agents  found  in  nature.  A  ix)rtion  of  the  rain  which  falls  on 
the  earth's  surface  runs  olif  over  the  surface  carrying  with  it 
jjortions  of  the  soil.  This  run-ofif  collects  to  form  streams 
which  unite  to  make  rivers.  Weathered  material  is  thus  washed 
into  the  streams  and  carried  along  by  them  either  in  mechanical 
suspension  or  by  being  rolled  along  the  bottom,  the  amount  of 
material  carried  along  depending  upon  the  volume  and  velocity 
of  the  stream.  Whenever  the  velocity  of  the  stream  is  checked, 
deposition  occurs.  The  coarser  material  is  deposited  first,  like- 
wise the  heavier.  A  separation  according  to  size  and  specific 
gravity,  therefore  results  so  that  streams  are  sorting  as  well 
as  transporting  agents.  The  coarsest  material,  known  as  gravel, 
consists  largely  of  more  or  less  rounded  fragments  of  unaltered 
or  partially  altered  rock  which  have  been  washed  into  the  stream. 
The  next  material  in  size  is  known  as  sand.  This  is  made  up 
of  grains  which  about  correspond  in  size  to  that  of  the  minerals 
which  made  up  the  original  rock.  Sand  carried  by  streams 
ordinarily  consists  to  a  large  extent  of  quartz  grains  because, 
as  has  been  pointed  out,  the  other  common  rock  making  minerals 
tend  for  the  most  part  to  become  decomposed  by  the  process 
of  weathering  into  soft  readily  pulverized  secondary  minerals 
which  gi\e  rise  to  the  fine  silt  and  clay  carried  by  streams. 
The  relative  percentage  of  quartz  present  in  the  sand  will  de- 
pend largely  upon  two  factors.  The  first  of  these  is  the  relative 
amount  of  quartz  present  in  the  original  rock  which  is  yielding 
the  sediments.  If  a  sand  is  being  derived  from  an  already 
pure  quartz  sandstone,  naturally  it  will  consist  almost  entirely 
of  quartz  grains.  The  second  is  the  degree  of  completion  which 
the  process  of  weathering  had  attained  before  the  material  was 
washed  into  the  stream.  Quartz  is  also  harder  than  the  other 
common  rock  forming  minerals  so  that  it  does  not  suffer  so 
mucii  from  wear,  due  to  attrition  of  colliding  grains  during 
transportation,  as  do  the  other  minerals  present  in  the  sand, 
which  are  gradually  worn  to  a  fine  silt.  The  finest  material, 
the  silt  and  clay  carried   in  mechanical   suspension  by   streams. 
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consist  largely  of  secondary  minerals  formed  by  weathering  such 
as  kaolinite,  limonite,  etc.  This  is  the  last  material  to  settle  when 
the  velocity  of  the  stream  is  checked. 

Streams  deposit  the  material  which  they  carry  in  mechanical 
suspension  at  various  places  along  their  courses  and  at  their 
mouths.  As  has  already  been  indicated  deposition  occurs  when- 
ever there  is  a  decrease  in  velocity.  Where  streams  flow  from 
mountainous  regions  onto  plains,  large  deposits  of  sediments 
in  the  shape  of  huge  alluvial  fans  and  cones  are  often  built  up. 
At  the  foot  of  a  mountain  range  where  this  adjoins  a  plain  a 
number  of  fans  may  coalesce  to  form  a  large  alluvial  plain. 
As  a  rule  sorting  is  very  imperfect  in  these  deposits  and,  there- 
fore, sand  of  sufficient  purity  for  glass  making  is  rarely  found 
in  them.  At  times,  however,  if  the  stream  is  deriving  its  mate- 
rial largely  from  an  already  fairly  pure  quartz  sandstone  formed 
during  some  previous  geologic  period,  fairly  pure  quartz  sands 
may  accumulate  under  these  conditions.  The  Pottsville  sand- 
stone of  Western  Pennsylvania  formed  during  the  early  part 
of  the  Pennsylvanian  period  represents  such  a  deposit. 

Streams  also  deposit  considerable  amounts  of  material  at 
various  places  along  their  courses,  especially  along  the  lower 
portions.  Sand  deposits  are  often  laid  down  upon  the  flood 
plains  of  rivers.  At  times  these  deposits  are  of  sufficient  purity 
to  be  used  in  the  manufacture  of  glass,  particularly  the  cheaper 
grades.  Such  deposits  were  formerly  operated  along  the 
Monongahela  River  in  the  vicinity  of  Bellevernon,  Pennsylvania. 

Finally  all  material  still  carried  mechanically  by  the  stream 
when  it  enters  a  body  of  standing  water  is  deposited  at  or  near 
the  mouth  of  the  stream.  Here  sorting  is  usually  more  perfect. 
The  coarse  material  or  gravel  comes  to  rest  first,  tiien  the 
sand,  and  finally  the  mud  and  silt.  When  the  stream  enters 
a  large  lake  or  the  ocean  wave  action  further  assists  in  the 
sorting  by  washing  out  the  finer  material  from  the  sand.  In 
the  case  of  the  ocean  the  waves,  the  undertow,  the  rising  and 
falling  tides,  and  the  shore  currents,  due  to  waves  striking  the 
shore  at  an  oblique  angle,  all  assist  in  this  sorting  so  that  at 
times  deposits  of  nearly  pure  quartz  sand  accumulate  along  the 
shore.     The  attrition  of  the  grains  also  slowly  wears  the  softer 
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ones  down  to  a  tine  [lowder  wliicli  is  washed  away  leaving 
eventually  only  the  harder  ones  like  quartz  behind.  If  the 
coast  is  a  gradually  subsiding  one,  the  deposits  may  reach  a 
thickness  of  several  hundred  feet.  Sands  running  over  99 
percent  silica  are  reported  as  accumulating  in  this  manner  at 
the  present  time  along  the  Gulf  Coast  of  Florida  in  the  vicinity 
of  Pensacola  and  Tarpon  Springs'*.  The  Oriskany  sandstone 
of  Central  Pennsylvania  and  Northeastern  West  Virginia  is 
another  such  deposit  laid  down  during  the  early  part  of  the 
Devonian  period. 

Wind  is  another  transporting  and  sorting  agent  which,  at 
times  in  conjunction  with  running  water  or  at  times  alone  is 
instrumental  in  the  accumulation  of  extremely  pure  quartz  sands. 
The  ultimate  source  of  the  material  transported  by  the  wind 
is  also  that  derived  largely  from  the  products  of  atmospheric 
decay,  which  may  or  may  not  have  been  transported  by  water 
previous  to  the  time  they  were  taken  up  by  the  wind.  Dry 
sand  is  readily  blown  about  by  the  wind.  Where  the  wind 
is  in  some  prevailing  direction  it  carries  the  sand  along  with 
it,  heaping  it  up  in  the  form  of  dunes  which  are  hills  of  sand 
similar  to  the  drifts  formed  in  the  case  of  snow  which  is 
being  borne  along  by  the  wind.  Figure  r  shows  some  typical 
sand  dunes  along  the  valley  of  the  Rio  Puerco  at  Adamana, 
Arizona.  The  larger  grains  of  sand  are  carried  along  close 
to  the  ground  while  the  finer  particles  or  dust  are  carried  to 
considerable  heights.  In  this  way  the  finer  material  is  separated 
from  the  coarser.  The  unequal  hardness  of  different  minerals 
also  plays  an  important  part  in  the  separation  which  occurs  in 
wind  blown  sand.  The  grains  do  not  have  a  cushion  of  water 
to  protect  them  from  abrasion  from  one  another  as  they  are 
blown  along  by  the  wind.  The  softer  ones  by  the  impact  of 
the  colliding  particles  are  thus  gradually  reduced  to  dust  which 
is  blown  away  by  the  wind  w^hile  the  harder  ones  remain  be- 
hind as  sand.  Quartz  is  among  the  hardest  of  the  common 
minerals  present,  .so  that  the  more  handling  and  sand  receives 
from    the   wind    the   greater   the    i)ercentage   of    quartz   present 
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becomes,  until  finally  a  practically  pure  quartz  sand  made  up 
of  well  rounded  grains  results.  The  rounding  of  the  grains 
may  often  be  used  as  a  criterion  to  distinguish  wind  blown 
sands  from  water  laid  ones,  as  the  latter  are  usually  more  or 
less  angular  because  grains  the  size  of  ordinary  sand  are  pro- 
tected from  abrasion  during  transportation  by  the  cushion  of 
water  around  them.  Victor  Ziegler  has  carried  on  some  experi- 
ments which  led  him  to  the  conclusion  that  quartz  grains  less 
than  0.7s  millimeters  in  diameter  could  not  be  rounded  under 
water  ami.  therefore,  if  thev  were  rounded  thev  were  of  wind 


blown  origin*.  \\'ind  worn  grains  also  lose  their  glassy  char- 
acter and  become  dimmed  by  attrition  so  that  the  surface  of 
the  grains  assumed  the  appearance  of  ground  glass.  Figure  2 
shows  a  wind-blown  sand  from  the  Sylvania  sandstone  of  the 
Silurian  Period  from  Rockwood,  Michigan,  while  Figure  3  shows 
an  ordinary  water  laid  sand  from  Bridgeton.  New  Jersey. 
Wind  blown  sands  often  accumulate  along  low  lying  sea  coasts, 
along  river  flood  plains  in  arid  or  semi-arid  regions  and  over 
desert  areas.  The  St.  Peter  sandstone,  quarried  so  extensively 
for  glass  sand  in  the  vicinity  of  Ottawa,  Illinois  and  St.  Louis, 


•Journal  of   Geology,    Vol.   XIX.   pp.   645-654,    1911. 


GLASS    SANDS 


171 


Missouri,  is  an  example  of  a  wind  blown  sand  deposited  on  a 
low  lying  coastal  plain  during  the  early  part  of  the  Ordovician 
Period. 

Sands  which  are  deposited  over  a  gradually  subsiding  area 
may  become  buried  to  considerable  depths  by  later  sediments 
laid  down  on  top  of  them.  If  a  little  clayey  material  was  de- 
posited along  with  the  sand  the  pressure  of  the  overlying  rock 


may  be  suthcient  to  i.-oni|iact  the  mass  into  a  rock.  .\t  other 
times  the  sand  is  consolidated  into  a  rock  by  mineral  matter 
deposited  between  the  grains  from  water  solutions  percolating 
through  the  sand.  The  most  common  cementing  agents  are 
silica  (SiOo),  calcite  (CaCO.,).  dolomite  (CaCO,  MgCO,). 
and  iron  oxides,  usually  the  hydrated  ferric  oxide  known  as 
limonite,  but  also  the  simple  ferric  oxide,  hematite.  Where 
iron  oxides  form  the  iiond.  the  sandstone  is  rendered  unlit  for 
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glass  making.  Deposits  of  sand  and  sandstone  formed  as  out- 
lined above  may  during  a  later  stage  in  the  geologic  history 
of  a  region  become  elevated  to  varying  heights  above  sea  level. 
Erosion  may  remove  the  overlying  sediments  and  expose  the 
sandstone  at  the  surface. 

.-\t   times  also   in   its  geologic   history   a   region,   which   lias 
undergone   gradual   subsidence   o\er   a   considerable    interval   of 
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time  with  the  deposition  of  a  thick  series  of  sedimentary  rocks, 
may  Ije  subjected  to  a  period  of  folding  due  to  lateral  com- 
pression produced  by  the  gradual  shrinkage  of  the  earth.  The 
horizontal  layers  of  rock  are  then  thrown  into  a  series  of  arches 
and  troughs  called  anticlines  and  synclines.  The  beds  thus 
become  tilted  at  various  angles.  The  great  pressure  brought 
about  by  this  lateral  compression  acting  in  conjunction  with  a 
somewhat   higher   temperature   due   to   the   burial   of   the    rocks 
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to  a  considerable  depth  beneath  the  earth's  surface  often  causes 
considerable  recrystallization  to  occur  in  the  rock  so  that  a 
sandstone  is  converted  into  an  extremely  hard  and  tough 
quartzite.  Small  amounts  of  water  jjresent  between  the  grains 
of  sand  also  assist  in  this  recrystallization.  During  this  process 
the  original  grains  become  entirely  obliterated  and  a  clear  quartz- 
mosaic  results.  Figure  4  shows  the  appearance  under  the 
microscope  between  crossed  nicols  of  a  thin  section  of  such  a 
quartzite  from  the  (  )ri>kany  formation  nt-ar  .Mill  Creek.  Penn- 
sylvania. 


I    I    I    I  /  A^/Z/z/^e/S'/-' 


When  the  sandstone  is  again  elevated  above  sea-level  by 
movements  underneath  the  earth's  surface  and  exposed  to 
weathering  by  the  processes  of  erosion,  the  tendency  is  to  con- 
vert it  into  loose  sand.  The  rate  at  which  the  agents  of  weather- 
ing disintegrate  it  depends  largely  upon  the  bond.  A  sandstone 
with  calcite  as  a  bond,  for  example,  disintegrates  much  more 
readily  than  one  with  silica,  clayey  material,  or  iron  oxide,  be- 
cause calcite  is  comparatively  readily  soluble  in  water  containing 
carbon  dioxide.  But  even  in  the  case  of  those  in  which  silica 
is  the  bond,  disintegration  generally  proceeds.     .At  and  near  the 
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surface,  therefore,  sandstones  often  become  quite  friable  and 
can  be  readily  crushed  to  sand  which  can  be  used  for  glass 
making  purposes  if  the  stone  is  sufficiently  free  from  deleterious 
constituents. 

As  has  already  been  stated  a  sand  deposit  or  a  sandstone 
in  order  to  be  of  value  as  a  source  of  silica  for  manufacturing 
glass  must  be  made  up  almost  exclusively  of  quartz  grains.  An 
ideal  sand  or  sandstone  for  glass  making  would  contain  nothing 
but  quartz  grains.  Inasmuch  as  absolutely  pure  quartz  sands 
or  sandstones  are  not  found  in  nature,  however,  it  becomes 
necessary  to  determine  what  impurities  are  permissible  and 
to  what  amount  they  may  occur  in  a  sand  and  still  not  render 
it  unfit  for  the  manufacture  of  glass.  Thi'S  depends  largely  on 
the  kind  of  glass  for  which  the  sand  is  to  be  used.  Optical 
and  high  grade  lead  flint  glass  require  a  much  purer  sand  than 
ordinary  window  or  bottle  glass.  The  size  and  shape  of  the 
grains  is  a  factor  which  should  also  be  considered  but  this  is 
not  nearly  so  important  as  the  chemical  composition  of  the  sand. 

When  a  quantitative  analysis  is  made  of  a  glass  sand  there 
are  usually  found,  in  addition  to  the  silica,  small  percentages  of 
alumina,  iron  oxide,  magnesia,  lime,  water,  and  titanium  oxide, 
also  occasionally  a  little  sodium  and  potassium  oxides  and  possibly 
a  little  organic  matter.  This  is  due  to  the  fact  that  there  are 
usually  present,  even  in  the  purest  quartz  sands,  minute  amounts 
of  other  minerals  such  as  mica,  —  especially  muscovite  and 
sericite,  —  feldspar,  —  including  crthoclase,  microcline,  and 
plagioclase,  —  hornblende,  magnetite,  ilmenite,  rutile,  titanite, 
zircon,  apatite,  chlorite,  kaolinite  or  other  hydrated  aluminium 
silicate,  limonite,  hematite,  calcite,  and  dolomite. 

Alumina  usually  occurs  in  glass  sands  in  one  or  more  of 
the  following  forms:  —  As  orthoclare  (KAlSi^Og),  as  plagio- 
clase (mNaAlSijO,;  +  wCaAlSioOs),  as  muscovite  Ho  ( K,  Na) 
AI3  (SiOJ,  ),  and  as  kaolinite  (H^AU.SijO.j).  The  latter  is 
of  the  most  frequent  occurrence.  The  small  quantities  of  clayey 
material  associated  with  most  sand  deposits  consist  largely  of 
this  mineral  or  some  very  similar  hydrated  aluminium  silicate. 
Kaolinite  and  muscovite  can  be  removed  from  the  sand,  at  least 
in  large  part,  by  washing.     Grains  of  unaltered  feldspar  on  the 
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Other  hand  can  not  be  separated  from  f|iiartz  grains  in  this 
manner. 

There  is  still  some  difference  of  opinion  among  glass  manu- 
facturers in  regard  to  the  effect  of  alumina  in  the  sand  on  the 
glass.  Some  regard  it  as  a  harmful  constituent  in  the  sand, 
while  others  do  not.  In  fact  there  is  considerable  evidence  to 
show  that  in  the  case  of  certain  glasses  it  is  even  advantageous 
to  have  it  present  in  small  quantities. 

Dralle'^  cites  a  number  of  examples  and  gives  the  results 
of  experiments  which  indicate  that  alumina  in  glasses  high  in 
lime  tends  to  reduce  their  tendency  to  devitrify.  Hovestadt  also 
cites  an  example  which  occurred  in  actual  practice.  This  was 
a  thermometer  glass  made  in  the  Thuringian  Forest  District  of 
Germany,  which  would  stand  repeated  melting,  blowing,  and 
fusing  without  change,  while  ordinary  glass,  such  as  is  used  for 
windows,  becomes  rough  and  dull  of  surface  after  even  short 
exposure  to  the  flame.  Ujion  inquiry  it  was  found  that  the 
Thuringian  glass  owed  its  special  properties  to  a  certain  sand 
used  in  the  making  which  was  only  found  in  the  neighborhood 
of  the  village  of  Martinsroda.  Upon  analysis  it  was  found  that 
the  Martinsroda  sand  contained  3.66  percent  of  alumina.  Ex- 
periments with  pure  quartz  sands  to  which  this  amount  of 
alumina  had  been  added  gave  exactly  the  same  results  as  the 
Martinsroda  sand,  showing  that  the  special  properties  imparted 
to  the  Thuringian  glass  by  the  Martinsroda  sand  were  due  to 
its  alumina  content.  Schott  suggests  that  the  presence  of  the 
alumina  hinders  the  volatilization  of  the  alkalies  at  the  surface 
of  the  glass,  but  it  is  also  possible  that  the  dulling  of  the  glass 
is  due  to  incipient  crystallization  or  devitrification  and  that  the 
alumina  tends  to  prevent  this.'  R.  L.  Frink'  has  also  observed 
that  when  alumina  exists  to  the  extent  of  3  or  4  percent  in  a 
finished  glass,  this  glass  is  not  nearly  so  susceptible  to  the  carbon- 
izing or  reducing  action  of  the  fire,  or  to  the  formation  of  cords 
and  strings,  or  the  jjroduction  of  a  laminated  condition,  whether 
soda  or  salt  cake  be  used  for  supplying  the  soda  content. 

'Die   Glasfahrikation   von   Robert   Dralle.    1911. 

"  Jena  Glass  and  its  Scientific  and  Industrial  Applications  by  Dr.  H.  Hove- 
stadc.  translated  and  edited  bv  .T.   D.   Everett  and  .-Mice   Everett,   1902. 

^  Transactions   of  the  American   Ceramic  Society.   Vol.   XI,  pp.   99102.   1909. 
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Dralle  states  and  cites  experiments  indicating  that  alumina 
has  a  very  favorable  influence  upon  the  durability  of  glass  and 
decreases  its  solubility  in  water,  weak  acids,  etc.  Frink*  has 
found  the  same  thing  to  hold  true  in  the  case  of  a  comparison 
of  analyses  of  a  large  number  of  bottle  glasses. 

C.  J.  Brockbank"  has  called  attention  to  the  fact  that  the 
blue  color  in  the  case  of  glasses  where  salt  cake  has  been  used 
in  the  batch  is  not  altogether  due  to  iron  present  as  an  impurity 
but  is  due  to  the  formation  of  compounds  of  sulphur  and  alumina 
analogous  in  composition  to  ultramarine  blue  which  consists  of 
sodium,  aluminium,  silicon,  sulphur,  and  oxygen. 

Alumina  also  has  certain  favorable  influence  on  the  physical 
properties  of  glass.  Frink  states  that  from  his  observations" 
alumina  has  the  tendency  to  increase  the  surface  tension  when 
the  surface  is  rapidly  chilled.  This  is  a  valuable  property  in  the 
manufacture  of  glass  in  inolds  for  when  a  glass  containing  three 
to  five  percent  alumina  has  been  gathered  or  ladled  from  a  mass 
of  open  metal  at  a  temperature  of  about  1150°  C,  its  surface 
immediately  becomes  lower  in  temperature  dropping  to  about 
825°  C.  and  the  skin  or  overlying  stratum  becomes  very  tena- 
cious. When  glass  of  this  character  is  placed  into  the  molds  and 
pressed  or  blown,  it  has  less  tendency  to  take  the  various  small 
imperfections  in  the  mold,  but  at  the  same  time  it  is  sufficiently 
plastic  to  be  forced  into  any  desired  shape.  Alumina  is  an  es- 
pecially valuable  constituent  in  the  manufacture  of  bottle  glass 
because  it  reduces  the  coefficient  of  expansion  and  increases  the 
tenacity  of  the  glass.  It  also  facilitates  annealing  because  a 
bottle  will  stand  much  more  severe  usage  without  breaking,  and 
the  glass  does  not  require  annealing  to  be  conducted  in  as  care- 
ful a  manner  as  should  be  done  with  other  glass.  An  alumina 
glass  is  also  somewhat  harder  and  a  little  more  brilliant  than  or- 
dinary glass. 

One  of  the  unfavorable  properties  of  alumina  is  that  it  de- 
creases the  fusibility  of  the  glass  and  increases  its  viscosity  when 
present  in   amounts   exceeding  three   percent.     Also  glass   con- 

"  The  Requirements  of  Glass  for  Bottling  Purposes,  bv  R.  L.  Frink.  pp.  706-727. 
Transnrtiotis    of    the    American    Ceramic    Societv,    I'ol.    XV.    1913. 

»  The  Technical  Control  of  a  Window  Glass  Tank  Furnace  by  C.  T.  Brockbank. 
Tratisartions  of  the  Aiwrica,,   Ceramic  Societv.  Tot.  XI'II.  1915.   p.  225! 

•"  Transactions    of    the    American    Ceramic    Societv.    I'ol.    XI.    pp.    99-102,    1909. 
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laiiiiiig  alumina  docs  not  mix  well  with  oilier  gla^s  to  form  a 
perfectly  homogeneous  glass,  free  from  cords.  Care  must, 
therefore,  be  exercised  in  using  such  glass  as  cullet. 

The  above  observations  lead  one  to  conclude  that  for  all 
ordinary  varieties  of  glass  the  small  percentages  of  alumina 
usually  present  in  glass  sands  do  not  have  any  injurious  influence 
on  the  glass  but  if  anything  are  beneficial.  P'rink  cites  an  in- 
teresting case"  where  a  glass  sand  containing  7.26  percent 
alumina  and  .31  percent  of  ferric  oxide  gave  a  glass  of  superior 
physical  properties  to  that  of  a  sand  containing  only  .68  percent 
alumina  and  ferric  oxitle.  The  glass  made  from  the  first  sand 
contained  70.51  percent  silica.  5.98  percent  alumina,  .23  per- 
cent ferric  oxide,  9.57  [jcrcent  lime,  .81  percent  magnesia,  and 
12.87  ])ercent  sodiuin  oxide,  while  that  from  the  second  or  purer 
sand  contained  72.01  percent  silica,  1.81  percent  alumina  and 
ferric  oxide.  12.48  percent  lime,  .41  percent  magnesia,  and  13.21 
percent  of  sodium  oxide.  The  former  showed  an  increased  re- 
sistance to  tension  of  8.3  percent,  an  increase  of  21.  i  percent 
in  modulus  of  rupture,  and  had  a  higher  luster  and  remarkable 
pow-er  of  resistance  toward  alkalies  and  was  not  attacked  as  read- 
ily by  acids.  It  also  annealed  readily  but  was  somewhat  more 
susceptible  to  changes  in  temperature  and  had  a  considerable 
higher  viscosity  at  given  temperatures.  For  special  glasses  such 
as  those  used  for  optical  purposes,  however,  alumina  must  lie 
absent  or  present  only  in  minute  traces  in  the  sand. 

Iron  occurs  in  glass  sands  both  in  the  ferrous  and  ferric 
conditions.  It  is  usually  present  as  limonite  (  Feo(  ()H)„Fej03), 
hematite  (FeaO,),  or  magnetite  (Fe,.,0^),  but  sometimes  such 
minerals  as  ilmenite,  hornblende,  and  chlorite  present  in  small 
quantities  in  the  sand  also  contribute  toward  the  iron  content. 
I.imonitc  usually  occurs  either  intimately  mixed  with  the  kaolin- 
ite  or  oilier  hydrated  aluminium  silicates  which  form  the  small 
amount  of  clayey  material  associated  with  sand,  or  as  thin  films 
coating  the  little  sand  grains  or  penetrating  and  filling  minute 
crevices  in  them  due  to  fracturing.  In  the  former  case  it  may 
be  largely  reiiio\od  by  washing,  while  in  the  latter  it  cannot. 
Sands  that  are  cream  colored,  yellowish  brown,  or  brown  contain 


■  TraiisacHons  of  the   American    Ceramic   Society.    Vol.    XI.    1909.    pp.    296-319. 


178  GLASS    SANDS 

limonite,  the  shade  of  color  depending  upon  the  amount  of 
Hmonite  present.  Hematite  colors  a  sand  reddish  brown.  The 
color  of  the  sand  cannot  always  be  taken  as  a  criterion  of  the 
amount  of  iron  present,  however,  as  a  light  colored  or  nearly 
white  sand  may  contain  sufficient  magnetite,  ilmenite.  or  other 
iron  bearing  minerals  to  make  the  iron  content  higher  than  that 
of  a  yellowish  brown  sand  containing  iron  in  the  form  of  limonite. 
When  iron  is  present  largely  as  magnetite  or  ilmenite  in  a  sand 
it  may  be  removed  by  a  magnetic  separator. 

Iron  is  the  most  detrimental  impurity  found  in  glass  sands 
on  account  of  its  coloring  effect  upon  the  glass.  Ferrous  iron 
gives  glass  a  bluish  green  tint.  Because  nearly  all  glass  con- 
tains at  least  traces  of  iron,  when  it  is  viewed  through  a  thick 
section  it  always  has  a  greenish  cast.  The  color  becomes  more 
intense  as  the  percentage  of  iron  increases,  so  that  ordinary  bottle 
glass  which  contains  a  relatively  high  percentage  of  iron  is  often 
spoken  of  as  green  glass.  Ferric  iron  on  the  other  hand  gives 
the  glass  a  yellow  tint  wliich  is  not  nearly  so  noticeable.  Cer- 
tain decolorizing  agents  such  as  manganese  dioxide,  nickel  oxide, 
and  selenium  are  often  added  to  glass  batches  to  neutralize  the 
coloring  effects  of  the  iron  where  this  is  present  in  only  small 
percentages. 

The  percentage  of  ferric  oxide  which  may  be  present  in 
the  sand  depends  upon  the  kind  of  glass  which  is  being  manu- 
factured. In  the  case  of  optical  and  the  best  grades  of  crystal 
or  lead  flint  glass  if  the  other  raw  materials  are  very  pure  the 
percentage  of  ferric  o.xide  in  the  sand  may  run  up  to  0.02  per- 
cent according  to  Dralle.  Rosenhain  places  the  upper  limit  as 
high  as  0.05  percent.^-  For  plate  glass  Dralle  gives  the  upper 
limit  as  0.2  percent  when  the  glass  is  viewed  by  transmitted  light 
and  o.  I  percent  where  it  is  used  for  mirrors.  In  the  case  of 
window  glass,  where  thinner  sheets  are  employed  and  the  glass 
is  viewed  only  by  transmitted  light,  the  iron  content  may  run 
up  to  0.5  percent  but  should  not  exceed  this  figure.  This  is  also 
the  upper  limit  permissible  for  white  bottles.  For  ordinary 
green  and  brown  bottles  sands  running  from  0.5  percent  to  7.0 
percent  are  often  employed. 

^- Glass    Maniif.ntiirc    hy    Walter    Kosenhain.    .New    York.    1908. 


GLASS    SANDS  179 

Magnesium  and  calcium  oxides  are  frequently  found  to  be 
present  in  minute  quantities  in  glass  sands.  They  usually  occur 
in  the  sand  as  carbonates.  In  most  sands  used  for  glass  mak- 
ing, however,  these  percentages  are  so  small  as  to  be  negligible. 
They  have  no  detrimental  influence  on  the  glass.  Lime  is  a  part 
of  the  composition  of  most  of  the  ordinary  varieties  of  glass. 
Magnesia  is  much  more  a])t  to  i)e  introduced  into  the  glass 
through  the  limestone  employed  as  a  raw  material  for  lime  than 
through  the  sand. 

Where  sand  is  used  for  the  manufacture  of  the  better  grades 
of  glass  such  as  optical, 'lead  flint,  lime  flint,  and  plate  glass, 
it  is  usually  dried  artificially  before  it  is  introduced  into  the  glass 
batch.  For  the  cheaper  grades  of  glass  such  as  window  and 
ordinary  green  bottle  glass,  wet  sand  is  often  employed.  \\'iiere 
it  is  necessary  to  keep  a  close  check  upon  the  composition  of  the 
batch,  dried  sands  should  be  used  as  the  percentage  of  moisture 
in  wet  sands  is  apt  to  vary  greatly  from  time  to  time  and  would 
make  necessary  numerous  determinations  of  moisture  content 
at  frequent  intervals.  Most  of  the  water  in  sand  is  present  as 
little  films  adhering  to  the  grains.  A  little,  however,  may  occur 
in  chemical  combination  with  other  elements  in  the  form  of  such 
minerals  as  kaolinite,  limonite.  chlorite,  or  muscovite. 

Whenever  a  determination  for  titanium  oxide  is  made,  a 
small  amount  is  found  in  practically  all  glass  sands.  This  varies 
from  a  few  hundredths  to  a  few  tenths  of  a  percent.  Most  of 
it  is  ])resent  in  the  form  of  little  needles  of  rutile  (TiO,) 
which  occur  as  inclusions  in  the  quartz  grains  especially  where 
these  have  been  originally  derived  from  igneous  rocks.  .A  little 
of  it  may  also  be  present  in  the  form  of  small  grains  of  ilmenite 
(FeTi),0..  or  titanite  CaSiTio-.  The  writer  has  not  come 
across  any  data  showing  what  influence  titanium  has  on  glass. 
The  very  small  percentages  usually  ])resent  in  glass  sands  are 
undoubtedly  negligible  as  far  as  an\-  influence  on  the  properties 
of  the  glass  is  concerned. 

Frink  has  called  attention  to  the  fact  that  small  grains  of 
ground  pebbles  (sometimes  referred  to  as  "ganister"  by  the  glass 
men)  when  present  in  appreciable  quantities  occasionally  pro- 
duce small  white  stones  in  the  glass  because  the  temperature  of 
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the  glass  furnace  is  not  sutticiently  high  to  cause  thein  to  go  into 
solution  in  the  molten  glass."  According  to  Frink  these  pebbles 
usually  consist  of  silicates  of  magnesium  and  lime  or  lime  and 
alumina.  They  are  silicate  minerals,  which  were  present  in  the 
original  rock  from  which  the  sand  was  derived  and  which  were 
not  decomposed  by  the  process  of  weathering  and  were  not  sorted 
out  during  transportation  and  deposition  of  the  sand.  Such 
pebbles  can  be  distinguished  readily  when  the  sand  is  examined 
under  the  microscope. 

The  size  and  shape  of  the  grains  is  also  a  factor  of  some 
importance  in  determining  the  value  of' a  glass  sand  but  usually 
this  is  only  a  matter  of  secondary  consideration  compared  with 
the  chemical  composition  of  the  sand.  With  regard  to  the  most 
desirable  size  there  is  still  a  considerable  difiference  of  opinion. 
Many  hold  that  the  majority  of  the  grains  should  not  pass  a  sieve 
having  120  meshes  per  linear  inch,  that  is  the  majority  of  the 
grains  should  be  over  .  136  millimeters  in  diameter.  ( )n  the 
other  hand,  the  bulk  of  the  sand  should  pass  a  30  mesh  sieve, 
that  is  the  grains  should  have  a  diameter  of  less  than  .64  milli- 
meters. This  size,  however,  is  not  adhered  to  by  all  glass  manu- 
facturers and  where  the  sand  otherwise  is  nearly  chemically 
pure,  variations  are  permissable.  One  glass  manufacturer  in 
Pennsylvania  has  been  using  sand  pulverized  so  as  to  pass  a 
100  mesh  sieve  in  the  manufacture  of  his  finer  grades  of  lead 
flint  for  cut  glass  articles.  He  holds  that  the  sand  thus  reacts 
more  readily  with  the  other  raw  materials  of  the  batch,  as  the 
quartz  per  given  weight  offers  a  relatively  greater  area  of  sur- 
face to  be  acted  upon  by  the  other  ingredients  of  the  batch  than 
in  the  case  of  the  coarser  grains.  It  is  doubtful,  however, 
whether  enough  is  gained  in  this  way  to  pay  for  the  extra  ex- 
pense incurred  by  having  the  sand  pulverized  to  this  fineness. 
When  the  sand  is  too  fine  there  is  apt  to  be  a  greater  loss  due  to 
particles  being  carried  away  by  the  draft.  This  holds  true  in 
the  case  of  tank  furnaces,  especially.  \\'here  the  grains  are  uni- 
formly larger  than  will  pass  a  30  mesh  screen,  more  time  is  re- 
quired to  have  them  react  with  the  other  materials  of  the  batch 
and  go  into  solution  in  the  resulting  molten  glass.     Thi.^  neces- 
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sarily  decre.ises  the  ()Ul])iit  of  the  furnace  per  day.  Too  hirge 
grains  arc  also  apt  to  cause  crystalline  stones  together  with 
striae  or  cords  to  appear  in  the  linished  glass. 

The   following  tables  show  the  percentages  of   the  \arious 
sized  grains  present  in  some  typical  glass  sands : 


DIAM.    IN    MM. 

NO.    1 

NO.     2 

NO.     3 

NO.     4 

NO.     5 

Retained  on  10  mesh  (1.65) 

Through  10  me.sh  on  14  (1.168).. 
Through  14  mesh  on  20  (.833)... 
Through  20  mesh  on  28  (.589)... 
Through  28  mesh  on  35  (.417)... 
Through  35  mesh  on  48   (.295)... 
Through  48  mesh  on  65  (.208)... 
Through  65  mesh  on  100  (.147).. 
Through  100  mesh  on  150   (.104). 
Through   150  mesh  on  200   (.074). 
Passed  through  200  mesh 

'".67 

1.59 

13.11 

61.71 

20.25 

2.79 

.16 

.03 

.01 

■".42 

.78 

2.18 

7.28 

30.75 

37.06 

19.93 

.85 

.10. 

■  .03 

.13 

.76 

1.63 

6.79 

14.76 

30.65 

23.62 

15.61 

3.91 

1.19 

.75 

■"o-i 

2.16 

19.81 

38.04 

14.19 

10.15 

6.66 

3.68 

4.76 

"!62 

.64 
19. 7Q 
42.20 

28.83 

7.08 

.60 

.78 

99.72 

99.38 

99.80 

99.49 

99.85 

No.  I.     Keystone  No.   1. 
Co.,  Mapleton,  Pennsylvania. 

No.   2.     Pittsburgh    Plate 
vania. 

No.  3. 
sylvania. 

No.  4. 

No.  5. 


Sand,   Pennsylvania  Glass   Sand 

tilass   Co.,   Kennerdell,    Pennsyl- 

American   \\  indow   Class   Coni]iany,   Derry,   Penn- 


W'edron  White  Sand  Co.,  Ottawa,  Illinois. 

American  Silica  Co.,  Rockwood,  Illinois. 
It  was  formerly  thought  that  the  sand  grains  should  be 
»har]i  and  angular  in  order  to  give  the  best  results.  With  the 
opening  up  of  deposits  of  e.xceptionally  pure  quartz  sands  and 
sandstones  in  the  Mississippi  V'alley  region  around  St.  Louis, 
Missouri  and  Ottawa,  Illinois,  and  in  certain  areas  in  Michigan, 
whose  grains  are  well  rounded,  it  has  been  found  that  these  sands 
give  excellent  results  in  the  case  of  all  ordinary  varieties  of 
glass  including  lime  flint,  plate  and  window  glass,  and  also  lead 
flint  for  fine  cut  glass  ware.  The  chemical  purity  of  the  sand 
produced  is  the  im]iortant  factor.  In  this  connection  it  mav  be 
said,  however,  that  in  the  case  of  two  sands  of  like  puritv  and 
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similar  size  of  grains,  the  one  in  which  the  grains  are  sharp  and 
angular  is  somewhat  more  desirable  than  the  one  which  is  made 
up  of  well  rounded  grains;  because  for  the  same  size  grain  in 
volume  and  weight  the  angular  grain  has  a  greater  area  of  sur- 
face exposed  to  the  action  of  the  other  ingredients  of  the  glass 
batch  when  melting  occurs  and,  therefore,  reacts  with  them  more 
readily.     Figure  5  is  a  photograph  of  an  angular  sand  produced 


by  the  Pennsylvania  Glass  Sand  Company  at  its  Keystone  Works 
at  Mapleton,  Pa.,  while  Figure  6  shows  a  well  rounded  sand 
produced  by  the  Wedron  White  Sand  Company  at  Ottawa,  111. 
Deposits  of  glass  sand  are  found  in  nature  in  which  the  in- 
dividual grains  are  not  held  together  by  a  bond  or  cement  of 
any  kind  but  occur  simply  as  bodies  of  loose,  unconsolidated 
material.  Often,  however,  the  individual  grains  are  cemented 
bv  a  l)ond  forming  what  is  called  a  sandstone.     In  the  latter  case 
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it  is  necessary  to  crush  this  rock  so  that  tlic  bond  between  the 
grains  again  becomes  severed  and  the  rock  is  made  to  crumble 
into  a  loose  sand.  For  glass  sand  only  such  sandstones  are  de- 
sirable as  will  break  comparatively  readily  along  the  cement  be- 
tween the  individual  grains  and  not  across  the  actual  grains 
themselves.  \'ery  thoroughly  cemented  sandstones  or  quartzites 
are  not  desirable  for  glass  sand  as  the  process  of  crushing  them 


to  the  desired  fineness  is  an  expensive  one.  and  much  material 
of  undesirable  fineness  results. 

The  method  of  treating  a  sandstone  suitable  for  glass  sand 
will  be  taken  up  first.  There  are  two  methods  in  common  prac- 
tice. ( )ne  is  to  crush,  wash.  dry.  and  screen  the  sand,  while  the 
other  is  simply  to  crush  and  screen.  The  former  method  is  used 
in  the  preparation  of  the  better  grades  of  sand  used  in  the  manu- 
facture of  lead  flint,  lime  flint  and  ]ilate  glass,  while  the  latter 
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method  is  occasionally  used  for  tlie  cheaper  grades  used  in  the 
manufacture  of  window  and  ordinary  bottle  glass. 

By  washing  the  sand  the  fine  clayey  material  consisting 
largely  of  kaolinite  or  some  other  hydrated  aluminium  silicate 
with  usually  a  little  limonite  mixed  with  it  is  removed  from  the 
sand.     This  operation,  therefore,  reduces  the  alumina  and  ferric 


oxide  content  of  the  sand.  Where  there  are  appreciable  quan- 
tities of  limonite  mixed  with  the  clayey  material,  therefore,  it  is 
important  that  the  sand  should  be  washed  carefully.  If  on  the 
other  hand,  the  iron  is  present  in  the  sand  as  magnetite  or  some 
other  mineral  which  occurs  as  little  grains  or  if  the  quartz  grains 
themselves  are  coated  with  a  closely  adhering  film  of  iron  oxide, 
washing  does  not  improve  the  quality  of  the  sand  to  anv  extent. 
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In  the  wet  treatment,  the  sandstone  as  it  comes  from  the 
quarry  is  first  passed  over  a  grizzly  consisting  of  a  series  of 
parallel  steel  rails  placed  about  two  inches  apart  on  an  incline. 
The  fine  material  drops  into  the  slots  between  the  rails  while 
larger  pieces  pass  over  into  a  jaw  crusher.  The  Blake  type  of 
jaw  crusher  of  which  Figure  7  is  an  illustration  is  the  one  usually 
em[)loyed.  A  20  by  12  inch  crusher  handles  from  14  to  25  tons 
of  material  per  hour,  depending  upon  the  nature  of  the  rock- 
crushed,  rcducint,'  it  down  t(j  about  a  three  inch  diameter.     From 
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15  to  25  horse  power  are  recjuired  to  operate  it.     The  speed  is 
250  revolutions  per  minute. 

Thfe  material  from  tlie  jaw  crusher  and  that  which  passed 
through  the  grizzly  next  goes  directly  to  a  chaser  mill  or  grind- 
ing pan  like  that  shown  in  Figure  8.  These  mills  consist  of 
circular  steel  .pans  varying  in  diameter  from  6  to  9  feet  in  which 
two  heavy  steel  rolls  or  muUers  mounted  on  a  horizontal  a.xis 
revolve.  The  pan  itself  is  stationary.  Water  is  fed  into  the  pan 
and  the  material  as  it  is  crushed  passes  out  through  screens  at 
the  sides.  Two  opposite  ends  of  the  pan  are  usually  perforated 
for  this  purpose.  The  ca])acity  of  the  mill  varies  with  the  dia- 
meter of  the  i)an  and- the  liardness  of  the  material  treated.     .\ 
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nine  foot  pan  will  handle  anywhere  from  lOO  to  250  tons  of  ma- 
terial per  day  of  ten  hours,  depending  upon  the  readiness  with 
which  the  sandstone  crumbles  under  the  mullers.  For  a  nine 
foot  mill,  the  rolls  usually  have  a  12  inch  face  and  weigh  from 
5,000  to  6,000  pounds  each.  About  35  horse  power  are  required 
to  operate  such  a  mill.  The  mullers  revolve  about  a  central 
shaft  at  about  30  to  t,Ti  revolutions  per  minute. 

From  the  chaser  mill  the  crushed  material  goes  to  a  revolv- 
ing screen.  Sometimes  only  one  screen  is  used  and  sometimes 
two  placed  at  opposite  sides  of  the  pan.  Figure  8  shows  these 
screens  in  place.  They  have  a  diameter  of  7  to  8  feet  and  a  24 
to  36  inch  face.  They  revolve  about  a  central  spindle  at  about 
15  revolutions  per  minute.  These  screens  are  made  of  brass 
wire  with  usually  10  to  12  meshes  per  linear  inch.  The  under- 
size  material  passes  through  the  screens  to  the  washers  while  the 
oversize  is  returned  to  the  chaser  mill.  Occasionally  when  there 
is  apt  to  be  considerable  coarse  material  present,  the  sand  is  run 
through  two  of  these  revolving  screens,  the  first  one  having  only 
about  six-  meshes  per  linear  inch  while  the  second  has  twelve. 
This  is  done  so  as  to  jjrotect  the  finer  screen  with  the  smaller 
diameter  wire  from  too  rapid  wear  by  abrasion  from  coarse 
particles  of  rock. 

From  the  revolving  screens,  the  undersize  material  goes  to 
the  sand  washers.  These  consist  of  inclined  wooden  boxes  or 
troughs  10  to  12  feet  long  and  18  to  22  inches  w'ide  on  the  inside. 
In  these  troughs  are  cast  iron  rotating  screw  conveyors  with 
wide  blades  which  carry  the  sand  from  the  bottom  to  the  top 
of  the  troughs.  Figure  9  shows  the  appearance  of  these  screw 
washers.  About  one  horse  power  is  required  to  operate  each 
screw.  The  washers  are  set  up  in  batteries  of  two,  three,  four, 
five,  and  sometimes  six.  They  may  be  set  up  either  parallel  to 
one  another  as  shown  in  Figure  9  or  in  tandem.  The  troughs 
are  inclined  at  angles  varying  from  18  to  20  degrees  from  the 
horizontal.  The  sand  enters  each  washer  at  the  foot  while  water 
runs  in  at  the  head.  The  revolving  screws  thus  carry  the  sand 
up  the  trough  against  a  stream  of  water  which  carries  away  with 
it  the  fine  clayey  material  present  in  the  sand.  Where  the 
washers  are  arranged  in  parallel,  when  the  sand  reaches  the  head 
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of  one  washer  it  is  dumped  into  a  trough  and  is  carried  to  the 
foot  of  the  next  by  a  stream  of  water.  It  passes  on  up  this 
washer  in  a  similar  manner  and  thus  on  through  the  other 
washers  of  the  battery.  Where  they  are  set  up  in  tandem  they 
are  so  arranged  that  one  washer  discharges  into  the  lower  end 
of  the  next  and  so  on  through  the  series. 

A  plant  with  a  nine  foot  grinding  pan  requires  a  least  150 
gallons  of  water  per  minute.  In  some  plants  400  to  600  gallons 
are  used.  .An  adc(|uatc  water  supply,  therefore,  is  an  absolute 
necessity  for  a  washing  plant  of  this  type. 


If  the  sand  is  to  be  shiiiped  wet  it  is  ready  for  the  cars 
after  lca\ing  the  washers.  If  it  is  to  be  dried,  it  next  goes  to  the 
draining  sheds  where  the  excess  water  is  allowed  to  run  off. 
The  sand  from  the  washers  is  discharged  onto  a  rubber  belt 
conveyor  inclined  at  the  end  near  the  washers  and  horizontal  at 
the  end  over  the  draining  floor.  The  belt  runs  near  the  roof 
of  the  draining  shed,  and  the  sand  is  allowed  to  drop  so  as  to 
build  up  large  cones  reaching  from  the  floor  to  the  belt.  These 
sheds  ordinarilv  have  sufficient  length  so  that  bv  discharging  at 


188  GLASS    SANDS 

\arious  points  along  the  belt  several  of  these  cones  of  sand  may 
be  built  up.  The  sand  is  usually  allowed  to  drain  at  least  twelve 
hours. 

There  are  several  types  of  dryers  in  use.  (Jf  these  the 
steam  dryer  is  the  most  recent  invention  and  is  gradually  re- 
placing the  others.  Steam  dryers  as  a  rule  are  built  in  sections 
about  20  feet  long,  8  feet  wide,  and  6  feet  high  with  hopper 
shaped  bottoms.  The  walls  of  the  dryer  are  built  of  ordinary 
red  brick.  Inside  are  horizontal  steam  pipes  resting  on  inverted 
angle  irons.  These  pipes  are  arranged  in  tiers  one  above  tnc 
other  and  are  placed  closer  and  closer  together  toward  the  bot- 
tom of  the  dryer.  The  sand  is  discharged  oiTto  these  pipes  from 
a  belt  con\eyor  running  over  the  dryer,  gradually  drops  down 
between  them,  and  is  finally  discharged  onto  another  belt  con- 
ve}-or  at  the  bottom  of  the  dryer.  The  pipes  are  heated  by  pass- 
ing steam  through  them.  This  evaporates  the  water  in  the  sand. 
The  steam  and  damp  air  accumulate  under  the  angle  irons  on 
Avhich  the  pipes  rest  and  are  drawn  ofif  by  means  of  an  exhaust 
fan. 

Direct  heat  dryers  are  also  used  in  the  drying  of  sand  al- 
though they  are  not  so  popular  as  formerly,  and  in  many  plants 
they  are  being  replaced  by  steam  dryers.  The  Cummer  Sala- 
mander type  of  direct  heat  dryer  is  a  style  of  this  kind  of  dryer 
found  in  many  sand  plants  of  the  Eastern  United  States.  A 
Cunnner  dryer  consists  of  a  revohing  steel  plate  cylinder  car- 
ried on  steel  tires  which  run  on  steel  rolls  at  each  end.  The 
rolls  are  supported  on  structural  steel  foundation  plates.  Com- 
pound gearing  is  used  for  revolving  the  cylinder  with  a  reduc- 
tion of  ten  to  one.  The  w-et  material  is  fed  continuously  into  the 
dryer  at  one  end  through  a  feed  spout  and  is  discharged  con- 
tinuouslv  at  the  rear  end  dried.  The  heated  gases  resulting  from 
combustion  in  the  furnace,  pass  into  a  large  commingling 
chamber  which  extends  the  entire  length  of  the  dryer  cylinder. 
This  cylinder  which  revolves  slowly,  has  a  great  many  large 
square  openings  in  it,  each  of  which  is  covered  with  a  cast  iron 
hood  or  cap.  A  nuiuber  of  hoods  are  put  into  each  cylinder 
to  allow  about  three-fourths  of  the  heated  air  and  gases  to  enter 
the  c\'linder  through  the  rear  end.     The  result  is,  there  is  com- 
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paratively  little  circulation  at  the  rear  end  of  the  cylinder  where 
the  material  is  [jractically  dry  and  often  very  dusty,  and  con- 
sequently, there  is  little  or  no  dust  Ijlown  out  through  the  stack. 

Tiie  fan  which  is  located  at  llic  front  or  feed  end  of  the 
(IrytT,  draws  the  ]>n)ducts  of  conihu>tion  from  the  furnace  into 
the  commingling  chamber  also  the  air  through  the  registers  in 
the  side  walls  of  the  dryer,  which  reduces  the  temperatures  to- 
ward the  rear  end  of  the  dryer  cylinder.  The  same  fan  draws 
the  heated  air  and  gases  at  different  temi^eratures  from  the  com- 
mingling chamber  into  the  cylinder  through  the  hoods  in  direct 
contact  with  the  material  being  dried.  The  material  immedi- 
ately upon  entering  the  cylinder  commences  to  dry  as  it  travels 
rearward  toward  the  discharge,  rapidly  becoming  more  dry, 
while  the  temperatures  of  the  heated  air  and  gases  are  relatively 
lowered  by  the  cold  air  coming  in  through  the  registers  in  the 
side  walls  of  the  dryer.  The  drying  material  is  constantly  cas- 
caded in  the  cylinder  and  travels  toward  the  rear  or  discharge 
end  of  the  cylinder  in  the  opposite  direction  to  the  heated  ail 
and  gases.  The  air,  gases,  and  moisture  pass  into  the  atmosphere 
from  the  cylinder  through  the  fan.  For  drying  glass  sands, 
coke  must  be  used  as  fuel.  Where  ordinary  bituminous  coal  is 
used  there  is  apt  to  be  a  coat  of  carbon  formed  on  some  of  the 
sand  grains  on  account  of  imperfect  combustion.  This  is  not 
permissible  where  the  sand  is  to  be  used  for  glass  making  pur- 
poses. 

.\nother  type  of  direct  heat  dryer  occasionally  used  con- 
sists of  a  brick  stack  about  35  to  40  feet  high.  At  one  side  of 
this  stack  is  a  tire  box.  This  is  jirovided  with  artificial  draft, 
air  being  forced  into  the  lire  box  by  means  of  a  blower.  A  bucket 
elexator  carries  the  sand  to  a  ])oint  above  the  top  of  the  stack 
down  which  it  is  allowed  to  drop.  It  is  discharged  at  the  bot- 
tom of  the  stack  by  means  of  a  screw  conveyor.  The  moisture 
in  the  sand  is  driven  off  by  the  heat  from  the  rising  ])roducts  of 
coml)ustion  through  which  it  falls.  Coke  must  be  used  here 
as  a  fuel  also  for  the  same  reason  as  in  the  case  of  the  Cummer 
dryer. 

One  of  the  objections  against  the  direct  heat  dryers  is  that. 
if  they  arc  not  watched  closely,  the  sand  is  apt  to  become  heated 
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to  a  sufficiently  high  temperature  to  ignite  any  wood  work  with 
which  it  may  come  in  contact  after  leaving  the  dryer.  Disastrous 
fires  have  resulted  from  this  cause.  It  is  also  claimed  by  those 
who  have  used  both  types  that  the  cost  of  operating  the  steam 
dryers  is  cheaper. 

The  sand  from  the  dryer  is  next  screened.  The  size  of 
screen  varies  with  different  .plants,  sizes  from  14,  16,  18,  20,  to 
22  meshes  per  linear  inch  being  employed.  Eighteen  meshes 
per  linear  inch  is  probably  the  most  common  size  used.  After 
the  sand  has  been  screened  it  is  elevated  to  the  storage  bins 
ready  for  shipment. 

Instead  of  the  chaser  mill  or  grinding  pan  for  crushing  the 
sandstone,  other  types  of  disintegrators  are  occasionally  used. 
The  Style  "B"  Triumph  Disintegrator  manufactured  by  the  C. 
O.  Bartlett  Co.,  of  Cleveland,  Ohio,  is  adopted  for  breaking  up 
sandstone  of  the  type  suitable  for  glass  sand.  The  crushing  ap- 
paratus consists  of  two  sets  of  spokes  made  of  high  grade  Swed- 
ish iron  which  revolve  in  opposite  directions.  The  American 
Pulverizing  Company  of  East  St.  Louis,  also  manufactures  a 
pulverizer  designed  to  crush  sandstone  to  sand.  The  grinding 
is  accomplished  by  means  of  revolving  rings  weighing  about  27 
pounds  each,  made  of  manganese  steel  or  semi-steel  chilled  iron 
which  are  placed  between  grate  bars  of  manganese  steel.  The 
rings  and  bars  do  not  touch  but  as  the  sandstone  is  carried  be- 
tween them  it  is  crushed  by  impact.  The  machine  is  operated  at 
a  speed  of  600  revolutions  per  minute. 

( )ne  of  the  difficulties  encountered  in  using  disintegrators 
and  pulverizers  of  the  above  type  to  crush  material,  which  is  as 
hard  as  the  quartz  grains  of  a  sandstone,  is  the  excessive  wear 
of  the  grinding  parts.  This  makes  it  necessary  to  replace  them 
at  frequent  intervals.  Some,  iron  is  also  introduced  into  the  sand 
in  this  manner  which  of  course  is  very  objectionable  especially  in 
the  better  grades  of  sand. 

For  washing  sand  the  Schutte  and  Koerting  Company  of 
Philadelphia  have  designed  a  water-jet  sand  washing  device 
which  operates  on  a  different  principle "  from  that  of  the  screw 
washers  commonlv  used  for  this  purpose.  This  consists  of  a 
series  of  iron  boxes  ])laced  in  one  or  more  rows  or  in  a  circle. 
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In  each  of  tlie  Iwxes  is  installed  a  water  jut  eductor.  The  sand 
is  admitted  to  the  first  box  and  stirred  by  means  of  a  clean  water 
jet.  As  it  settles  to  the  bottom  it  is  lifted  into  the  next  box 
through  the  sand  eductor  operated  by  means  of  clean  water 
taken  from  a  pressure  ])i|3e  underneath  the  box.  As  the  sand 
is  heavy  it  drops  to  the  I)ottom  of  the  box.  while  the  water  mix- 
ing with  the  cla_\ey  material  on  account  cjf  violent  stirring, 
rises  and  overflows  near  the  to|).  In  this  way  there  is  obtained 
a  cleansing  of  the  sand  by  the  use  of  clean  pressure  water' only 
without  the  assistance  of  any  mechanical  means. '  It  is  desirable 
that  the  water  should  be  as  clean  as  possible,  and  the  pressure 
at  the  eductor  should  be  under  a  head  of  30  to  40  feet. 

Where  the  sand  occurs  as  loose,  unconsolidated  material  • 
the  necessary  plant  to  prepare  it  for  the  market  is  much  simpler. 
No  jaw  crushers,  chaser  mills,  grinding  pans,  or  other  crushing 
devices  are  necessary,  the  sand  going  directly  from  the  quarry 
to  the  washers.  It  may  be  loaded  into  cars  and  thus  transported 
to  the  washers  or  if  there  is  a  sufficient  slope  from  the  quarry 
to  the  washers  it  may  be  washed  into  sluices  by  ineans  of  a  stream 
of  water  played  against  the  sand  bank  and  thus  transported  to 
the  plant.  Sometimes  if  the  bottom  of  the  sand  deposit  is  below 
the  level  of  the  washers  it  is  fir.st  washed  into  a  sump  by  means 
of  a  stream  of  water  and  then  pumped  through  pipes  to  the 
washers  by  means  of  a  sand  pump. 

Sometimes  the  cheaper  grades  of  glass  sand  arc  not  washed, 
the  sandstone  being  simply  crushed  to  sand  and  screened.  When 
this  method  of  preparation  is  used,  a  dry  grinding  pan  is  em- 
])loyed.  In  a  pan  of  this  type  the  mullers  or  rolls  do  not  revolve 
aljout  a  central  shaft  although  they  turn  about  the  horizontal 
axis  on  which  they  are  mounted.  The  pan  itself  is  rotated.  The 
rolls  tread  on  false  plates  which  may  be  renewed  when  they  are 
worn  while  the  outer  portion  of  the  bottom  of  the  pan  consists 
of  screen  plates  through  which  the  crushed  material  passes. 

After  the  material  has  gone  through  the  grinding  pan  it  is 
con\  eved  to  a  revolving  or  shaking  screen  from  which  the  under- 
size  is  conveyed  to  storage  liins.  stock  ])iles.  or  directly  to  the 
cars,  while  the  oversize  goes  back  to  the  ])an. 
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Glass  sands  occasionally  occur  in  nature  in  which  most  of 
the  iron  is  present  in  the  form  of  little  grains  of  magnetite 
(Fe.j04).  or  ilmenite  (FeTi)„0., ).  Both  of  these  minerals  are 
attracted  by  a  magnet  and.  therefore,  magnetic  separation  can 
be  resorted  to  in  order  to  lower  the  iron  content  of  the  sand. 
The  writer.  howe\er.  does  not  know  of  any  sand  plants  where 
this  is  done  and  only  of  one  glass  factory  where  the  sand  used 
is  treated  in  this  way.  Some  iron  also  gets  into  the  sand  from 
the  machinery.  Quartz  is  a  hard  substance,  and  as  the  wearing 
parts  of  the  machines  in  which  the  sandstone  is  crushed  are  of 
iron,  the  particles  of  iron  get  into  the  sand  through  abrasion. 
A  magnetic  separator  removes  these  as  well  as  the  magnetite  and 
ilmenite  that  may  be  present. 

Kiimmel  and  Gage  have  called  attention  to  the  fact  that 
many  of  the  minerals  containing  iron  that  are  apt  to  be  present 
in  glass  sands  pass  an  80  mesh  sieve."  Cleansing  the  sands  by 
screening  is.  therefore,  possible.  They  carried  on  experiments 
in  the  laboratory  with  two  samples  and  obtained  the  following 
results  : 

BEFORE   SCREENING      AFTER    BEFORE   SCREENING    AFTER 

percent  percent  percent  percent 

Fe=0.-,  0068  .002       .0114      .0029 

TiO: 117  .024  .024  .00434 

ALO, 276  .085       .366       .106 

These  figures  show  that  they  were  able  to  reduce  the  iron 
content  of  the  sand  to  one-third  or  less,  of  titanium  to  one-fifth, 
and  of  aluminium  to  one-third  or  less.  As  far  as  the  writer 
knows  this  method  has  never  been  tried  out  in  actual  practice. 

Tscheuschner  describes  a  rather  expensive  method  for  puri- 
fying vellow  sands  which  contain  considerable  quantities  of 
limonite.''  For  this  purpose  64  parts  of  sand  are  sprinkled  with 
8  parts  of  water  to  which  3  parts  of  salt  and  2  parts  of  con- 
centrated sulphuric  acid  have  been  added.  The  whole  is  placed 
in  a  container  lined  with  lead  and  allowed  to  stand  for  several 
months.  The  iron  gradually  goes  into  solution  as  chloride. 
Finally  the   sand  is  carefully  washed  and  dried.     This  metliod 

'•'.'111)7110/  Rcfort  of  the  Slate  Geologist  for  tlic  Year  inos.  Geoloqicai  Survey 
of  Ne-v  Jcisew  pp.   77-96. 

"^Hand'bueli  dcr  Gtasfahr\katton .  fuenfte  AuHai/e.  Weimar.  1.S85. 
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was  at  one  time  used  in  iuirope  in  localities  where  pure  wiiite 
quartz  sands  were  not  available,  but  with  improvements  in  trans- 
portation facilities  it  became  obsolete.  Such  methods  have 
never  been  resorted  to  in  this  country  on  account  of  the  ease 
with  which  high  grade  Cjuartz  sands,  that  require  no  such  ex- 
])cnsive  treatment,  may  be  obtained. 

Before  opening  up  a  new  glass  sand  deposit  and  installing 
the  necessary  machinery  to  prejjare  the  sand  for  the  market,  a 
number  of  factors  upon  which  the  success  of  the  enterprise  will 
depend  must  he  taken  into  consideration.  ()f  course  it  is  first 
necessary  to  determine  whether  the  sandstone.'  or  sand  deposit 
is  of  sufficient  purity  to  be  emijloyed  in  the  manufacture  of  glass. 
The  size  of  the  deposit  must  next  be  considered.  A  careful  in- 
vestigation should  be  made  to  determine  whether  it  is  sufficiently 
large  to  warrant  the  investment  of  the  necessary  capital  for 
buildings,  machinery,  etc.,  which  are  needed  to  operate  a  glass 
sand  plant. 

Variations  in  the  texture  and  composition  of  the  sand  or 
sandstone  both  across  and  along  the  beds  should  be  looked  for 
as  these  often  occur  on  account  of  slight  variations  in  the  con- 
ditions under  which  the  sand  was  deposited.  Portions  of  a  bed 
thus  often  become  too  high  in  iron  to  be  used  for  glass  manu- 
facture, and  this  material  has  to  be  sorted  out  from  the  sand- 
stone, which  increases  the  cost  of  ])roduction.  Limonite  may 
also  have  been  deposited  by  iron  bearing  solutions  along  frac- 
tures in  the  sandstone,  thus  rendering  portions  of  it  unfit  tor 
glass  sand.  Likewise  lenticular  masses  of  conglomerate  often 
occur  in  beds  of  sandstone.  ( )n  account  of  their  pebbly  nature 
these  also  have  to  be  sorted  out.  -Attention  has  already  been 
called  to  the  fact  that  the  sandstone  should  be  rather  friable  and 
the  rock  should  break  down  fairlv  readily  along  the  cementing 
material  between  the  grains  and  should  not  be  of  such  a  nature 
as  to  break  across  the  grain^  rather  than  along  the  binding  ma- 
terial. 

The  geologic  structure  of  the  deposit  must  also  be  con- 
sidered. If  the  beds  are  inclined  or  tilted  it  must  be  remembered 
that  they  can  only  be  followed  down  their  dip  a  relatively  short 
distance   until    undcrtjrduncl   mining   methods   become   necessarv. 
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This  can  be  done  profitably  only  under  special  conditions,  where 
the  sand  deposit  is  an  exceptionally  pure  and  extensive  one  and 
mining  conditions  are  favorable.  \\'here  the  beds  are  horizontal 
or  nearly  so,  the  amount  of  overlying  material  which  will  have 
to  be  stripped  must  be  determined.  There  may  be  so  much  of 
it  that  the  deposit  cannot  be  worked  at  a  profit. 

Where  the  sand  is  to  be  washed,  the  water  .^^upply  must  be 
examined.  Sometimes  this  factor  is  neglected,  and  sand  plants 
are  forced  to  shut  down  during  the  summer  and  early  fall  on 
account  of  a  lack  of  sufficient  water  to  wash  the  sand.  This  may 
mean  a  very  serious  loss. 

The  nearness  of  a  market  and  transportation  facilities  are 
of  extreme  importance.  Sand  is  a  bulky  material  sold  at  a  com- 
paratively small  margin  of  profit.  The  distance  of  various  sand 
deposits  from  a  certain  market,  therefore,  will  be  a  big  factor 
in  determining  which  ones  will  be  al)le  to  compete  for  that  mar- 
ket. 


THE  LATENT  HEATS  OF  FUSION  OF  LIME  AND 
MAGNESIA 

l!\'     l-;i)VVAKl)     VV,     VVASIIRURN 

Tlie  term  " tusiljility"  as  a])plied  to  a  material,  is  intended 
to  describe  the  relative  ease  or  difficulty  of  liquefying  this  ma- 
terial. The  factors  which  determine  the  ease  or  difficulty  with 
which  a  material  can  he  li(|uelie(l  are  (  i  )  its  melting  point.  (2) 
the  quantity  of  heat  which  it  aiisorhs  in  melting,  that  is,  its 
latent  heat  of  fusion,  and  (.51  to  some  extent,  its  thermal  con- 
ductivity, li  is  evident,  therefore,  that  it  is  possible  for  one 
material  li-  l)e  more  easily  fusible  than  a  second  material  which 
has  a  lower  melting  point.  This  would  be  the  case  where  the 
second  material  lia<l  a  much  larger  heat  of  fusion  than  the  first 
material.  It  wdidd  be  of  some  interest,  therefore,  in  recording 
all  of  the  significant  properties  of  materials  used  for  refrac- 
tories to  include  latent  heats  of  fusion  as  well  as  melting 
poiiUs,  if  the  necessary  data  could  be  secured. 

.\t  the  ])resent  time  there  exist  practically  no  reliable  data 
on  the  heats  of  fusion  of  refractory  materials.  Not  even  the 
order  of  magnitude  of  this  property  is  known  in  most  instances. 
The  purpose  of  the  present  paper  is  to  consider  this  problem 
for  the  purpose  of  ascertaining,  if  possible,  at  least  the  order 
of  magnitude  of  this  property  in  the  case  of  some  of  our  most 
refractory  substances,  in  order  to  determine  whether  their  low 
fusibility  is  to  be  ascribed  in  any  appreciable  degree  to  a  large 
heat  of  fusion  or  whether  it  is  due  solely  to  a  high  melting 
])oint.  i'or  this  [lurixise  I  ha\e  chosen  to  consider  the  rather 
e.xtreme  cases  of  lime  and  magnesia  which  represent  two  of 
the  most  refractory  substances  l<novvn.  the  melting  point  of 
magnesia  being  5070° F.  (28oo°C.)  and  that  of  lime  4655^ F. 
(2540°C.). 

The  most  direct,  and  the  customary,  method  of  determin- 
ing the  heat  of  fusion  of  a  substance  which  melts  above,  say. 
three  or  four  hundred  clegrees.  is  to  heat  the  material  in  a  suit- 
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able  furnace  to  some  temperature  a  short  distance  above  its 
melting  point  and  then  to  drop  the  melted  material  into  a 
calorimeter  where  it  immediately  crystallizes  and  gives  up  its 
heat  of  fusion  to  the  calorimeter.  If  we  attempt,  however,  to 
apply  this  method  to  high  melting  ceramic  materials,  we  tind 
in  most  instances  that  the  material  either  fails  to  crystallize 
when  it  is  dropped  into  the  calorimeter,  or  else  that  only  partial 
crystallization  takes  place,  most  of  the  material  being  obtained 
in  the  form  of  a  glass.  Under  these  circumstances,  of  course, 
either  no  latent  heat  of  fusion  is  given  up  to  the  calorimeter  or 
else  only  a  part  of  it  is  given  up,  and  in  .either  case  the  method 
is  a  failure. 

Another  method  which  has  been  employed  to  some  extent 
is  based  upon  the  cooling  or  heating  cur\e  of  the  material  and 
depends  for  its  success  upon  a  knowledge  of  the  heat  capacity 
of  both  the  crystalline  and  the  liquid  materia!  in  the  neighbor- 
hood of  the  melting  point.  .At  best  it  is  only  a  comparatively 
rough  method,  an  accuracy  of  only  about  fifteen  percent  having 
being  thus  far  obtained  with  it. 

.A  third  method  which  has  not  thus  far.  except  in  jiart, 
been  applied  to  ceramic  materials  consists  in  determining  the  to- 
tal heat  capacity  both  of  the  crystalline  and  of  the  liquid  ma- 
terial between  room  temperature  and  the  melting  point,  and 
also  determining  the  heat  of  solution,  of  l)0th  the  crystalline  and 
the  glassy  material  in  some  suitable  solvent.  It  seems  probable 
that  this  method  could  be  adapted  to  almost  all  ceramic  ma- 
terials and  could  be  made  to  yield  extremely  accurate  results. 
It  would  fail,  however,  in  the  case  of  a  material  which  could 
not  be  obtained  purel}    vitreous  by   rapid  cooling. 

One  other  method  which  is  not  subject  to  any  of  the  dif- 
ficulties of  the  preceding  methods  but  which  is  very  restricted 
in  its  applicability,  is  also  available.  It  is  this  method  which 
I  propose  to  apply  to  the  calculation  of  the  heats  of  fusion  of 
lime  and  magnesia.  The  method  is  based  upon  the  laws  of  solu- 
tions and  requires  no  calorimetric  data. 

At  the  present  time  we  have  a  comparatixely  complete  and 
perfect  knowledge  of  all  of  the  laws  which  govern  the  behavior 
of  solutions  made  by  dissolving,  in  one  another,  two  materials 
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which  resemble  each  <jlher  very  closel\'  in  all  their  chemical 
and  physical  |)roperties.  lii  fact  the  more  closely  the  two  ma- 
terials resemble  each  other  the  more  accurately  do  the  laws 
hold.  For  our  present  i^urpose  we  are  concerned  only  with  the 
freezing  point-solubility  law  for  such  solutions.  This  is  the  law 
which  expresses  the  relation  between  the  composition  of  a  so- 
lution and  the  temperature  at  which  that  solution  will  be  in 
equilibrium  with  pure  crystals  of  either  of  its  constituents. 
This  law  is  expressed  by  the  following  equations^ : 

0.219  LAT^  —  T) 
log,„  -i-a  = 


and 


log,,,  .r,,  -■ 


0.219  L^{Tb  —  T) 


The  quantities  in  these  equations  have  the  following  signifi- 
cance :  A  and  B  represent  the  two  materials  which  make  up 
the  solution,  .r,  represents  the  molecular  fraction  of  the  sub- 
stance A  in  the  solution,  that  is,  it  represents  the  ratio  of  the 
number  of  molecules  of  A  to  the  number  of  molecules  of  A 
plus  the  number  of  molecules  of  B.  ."similarly  .r,,  represents 
the  molecular  fraction  of  the  substance  B.  L,,  and  Lb  rep- 
resent respectively  the  latent  heats  of  fusion  of  one  gram- 
molecular-weight  (called  one  mole)  of  each  of  the  materials. 
Ta  and  T^  represent  respectively  the  melting  points  of  the  two 
pure  materials  on  the  absolute  centigrade  scale.  T  represents 
the  eutectic  temperature  of  the  system  on  the  same  scale. 

Evidently  from  these  equations  the  latent  heats  of  fusion 
of  each  of  the  materials  can  be  computed  if  we  know  the  other 
quantities  in  the  equations.  As  an  example  of  the  accuracy 
with  which  this  law  has  been  found  to  apply  in  certain  cases. 
Table  I  is  given.  In  this  table  a  comparison  of  the  eutectic 
temperatures  obtained  by  direct  measurement  with  those  calcu- 
lated  from  the  above  law,  is  set   forth.     The  remarkably  close 

*  A  derivation  and  more  detailed  discussion  or  this  freezing  point  law  has 
been  (riven  by  the  author  in  another  place  iltitroduction  to  the  Principles  of  Phys- 
ical Chemistry,  McGraw-Hill  Book  Co..  1915.  page  1U8). 
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agreement  between  the  experimental  values  and  the  theoretical 
values  will  be  noticed. 

TABLE  I— COMPARISON  OF  THE  EUTECTIC  TEMPERATURES  CAL- 
CULATED FROM  THE  FREEZING  POINT  LAW  WITH  THE  VALUES 
OBTAINED    BY    DIRECT    MEASUREMENT.- 


s.Bsx^^.c. 

MELTING 

POINT 

t 

FUSION 
PER     MOLE 
(CALORIES) 

Lf 

OBSERVER 

■    OBSERVED 

TURE 
tE 

CALCULATED 
EUTECTIC 

TURE 

Benzene 

5.48° 

2370 

Demerliac 
J.  Meyei; 

Benzene-naphthalene 

QHo 

—3.48°         —3.56° 

Diphenyl 

68.95° 

1 

Benzene-diphenyl 

GH:r— CoH, 

4020 

and  Read 

—5.8° 

—6.1° 

Naphtha- 
lene 

4560 

Alluard 
Pickering 

!  Naphthalene-diphenyl 

C,H.— C:^ 

C.H, 

80.09° 

39.4° 

39.4° 

Xow  the  two  substances  lime  and  magnesia  are  so  much 
alike  that  we  may  reasonably  expect  that  their  solutions  will 
obey  the  above  law.  The  melting  points  of  the  pure  materials 
have  been  determined  by  Kanolt'*  and  the  eutectic  temperature 
by  Rankin  and  Merwin.*  The  melting  point  diagram  for  the 
system  is  apparently  of  the  simplest  possible  type  showing  one 
eutectic.  no  compounds,  and  no  mixed  crystals.  The  composi- 
tion of  the  eiUectic  melt  was  found  to  be  6y  percent  of  lime 
and  33  percent  of  magnesia,  the  eutectic  temperature  being 
2300°  ±  50° C. 

If  we  substitute  these  values  in  the  above  equations,  we 
find  for  the  latent  heat  of  fusion  of  lime  28000  (±20  percent) 
calories  per  mole  or  490  calories  per  gram,  and  for  the  latent 
heat  of  fusion  of  magnesia  28000  (  ±  15  percent)  calories  per 
mole  or  700  calories  per  gram. 

In  Table  II  are  shown  the  latent  heats  of  fusion  of  a  variety 

=  Measurements  by   Washburn   and   Read,   Proc.   Xafl  Acad.   Sci.    1.    191.  (1915). 

^Kanolt.    Jour.    IVash.   Acad.    Sci.   ■!,   318    C1913). 

•Rankin  and   Merwin,  Jour.   Amer.   Chem.  Soc.  .fS,   571    (191fi). 
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of  materials  haviiifj  comparatively  large  heats  of  fusion.  Of 
the  substances  shown,  the  lirst  three  have  very  complex  mole- 
cules and  these  molecules  are  known  to  break  up  partially  on 
melting,  so  that  the  large  apparent  latent  heats  of  fusion  of 
these  compounds  may  be  caused  partially  by  their  dissociation 
on  fusion.  The  silicates  shown  in  the  table  are  natural  minerals 
and  are  also  comparatively  complicated  in  their  molecular  struc- 
ture, so  that  a  comparatively  large  heat  of  fusion  per  mole  is 
not  surprising.  In  the  case  of  lime  and  magnesia,  however,  the 
molecular  structure  is  very  simple,  but  nevertheless  w-e  find 
that  these  two  substances  have  much  higher  heats  of  fusion  than 
anv  other  materials  about  which  we  have  any  knowledge  on 
this  subject.  It  is  evident,  therefore,  that  the  low  fusibility  of 
these  two  materials  is  due,  in  a  considerable  degree,  to  the  large 
amount  of  heat  which  they  absorb  on  melting.  Thus,  after  hav- 
ing heated  magnesia  to  its  melting  point,  the  amount  of  heat 
then  recjuired  to  liquefy  it  would  be  sufficient  to  convert  an 
ecjual  weight  of  ice  into  steam  at  200°  F. 


TABLE     1:  — HEATS     OF     FUSION     (IN     SMALL     CALORIES)     OF     SUB- 
STANCES   HAVING    LARGE    HEATS   OF    FUSION 


LATENT 

MOLFCU- 

LATENT 

HE,\T 

MELTING 

I.AR 

HEAT 

OF    FU- 

SVBST.\NCE 

.POINT 

OF    FUSION 

SION    PER 

OBSERVER 

M. 

if' 

MOLE 

Lf 

Xa:CrO.10H:O  .. . 

■23° 

342.4 

39.2 

13,400 

Berthelot" 

Xa:SOaOH=0    .... 

31° 

322.4 

48 

16,500 

Cohen' 

Na=HP0J2  H,0. 

36° 

358.4 

67 

24,000 

Person' 

Anorthite          } 

CaALSU).         \.. 

12011° 

27!) 

100 

28,000 

Vogt' 

l)H.l-i.lo        ) 

(  ,iML;.Si,0„    S  .... 

JVogt" 
I  White' 

1225° 

217 

100 

22,000 

|■"ll^lalitC      ( 

MK.Si.O.    \ 

1375° 

201 

125 

25,000 

Vogt' 

Olivine        / 

Mg,SiO.     ( 

1400° 

141 

130 

18,000 

Vogt' 

CaO    

2570  °±  3° 
2800°±13'' 

56.1 
40.3 

490±20% 
700±15% 

30.000 
30,000 

MgO     

'•  Berthelot,  (Compl.  rend.  87,  375  (1878));  Cohen,  (Z.  phytik.  Clicm.  li.  86 
(1S9J));  Person,  (Ann.  cliim.  pliys.,  i;,  252.  259  (1849)).  Direct  calorimetric  deter- 
minations. 

'Vogt,  (SiHkalschmehloesiingen,  Iflftl.  pp.  63  and  68.  part  III;  White  iZ. 
anorg.  chem.  69,  348  (1911)).  Calculated  from  the  cooling  or  heating  curve.  Pos- 
sible error   15-20   per  cent. 
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In  view  of  the  extremely  high  temperatures  at  which  liquid 
solutions  of  magnesia  and  lime  can  exist  in  equilibrium  with  the 
crystalline  materials,  the  propriety  of  applying  the  laws  of  solu- 
tions to  these  systems  might  be  justly  questioned,  since,  how- 
ever exactly  and  universally  these  laws  may  be  found  to  hold 
at  ordinary  temperatures,  there  is  always  at  least  a  remote  pos- 
sibility that  some  unknown  influence  may  exist  at  very  high 
temperatures  which  would  render  them  invalid. 

Furthermore  owing  to  the  great  difficulty  of  making 
equilibrium  determinations  at  these  high  temperatures  the  cor- 
rectness of  Rankin  and  Merwin's  diagram  for  this  system  might 
possibly  be  questioned.  In  view  of  these  facts  a  direct  calorime- 
tric  determination  of  the  latent  heats  of  fusion  of  these  mate- 
rials would  be  of  considerable  interest.  Such  a  determination 
although  rather  difficult  would  by  no  means  be  impossible  to 
accomplish. 


PRINCIPLES  CONTROLLING  THE  FORMATION  AND 
REMOVAL  OF  BUBBLES  IN  MOLTEN  GLASS 

r.V    UA'l'MONU  M.    IIOWK. 

W'lu'ii  a  glass  batch  is  subjected  to  heat,  changes  take  place 
which  depend  upon  the  temperature,  rate  of  heating,  the  in- 
gredients, and  the  condition  of  the  batch  at  that  particular  time. 

As  the  temperature  increases,  first  the  moisture  is  driven 
off.  the  carbonates  then  begin  to  decompose,  and  any  sulphates 
l)resenl  may  be  broken  up  or  reduced.  In  general  the  sub- 
stances change  into  a  more  stable  form.  Subsequently,  if  the 
temperature  increase  is  in  accordance  with  practice,  some  of 
the  ingredients  begin  to  fuse.  As  this  fusion  progresses,  and 
the  decomposition  of  the  batch  continues,  the  gas  evolved  can 
no  longer  escape  freely.  As  a  result  bubbles  form  which  are 
often  found  in  the  finished  glass.  These  are  commonly  known 
as  seeds. 

The  difificulty  encountered  by  the  manufacturer  in  avoid- 
ing the  formation  of  these  seeds  is  common  knowledge.  As 
far  as  the  writer  knows,  however,  the  principles  involved  in 
their  rcnioxal  have  never  been  discussed  in  detail.  For  this 
reasnii  it  can  not  Ije  expected  that  the  problem  is  to  be  definitely 
solved,  but  it  is  hoped  that  this  paper  may  stimulate  interest 
along  this  line.  Unfortunately  the  data  available  is  meagre, 
and  many  assumptions  must  be  made. 

Classification,  f'cfnrc  the  removal  of  these  bubbles  can 
be  discussed,  it  is  necessary  to  classify  them.  This  was  at- 
tempted in  an  entirely  original  way,  but  in  each  attempt  the  res- 
suit  was  practically  the  same  as  the  classification  suggested  by 
Prof.  Silverman  before  this  Society'. 

The  most  important  class  will  naturally  include  those  bub- 
bles arising  from  the  decomposing  ingredients  of  the  batch. 
These  bubbles  mav  contain  CO,  CO.j,  SO^,  SO,.  O.,,  the  oxides 
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of  nitrogen,  etc.  It  can  be  seen  at  a  glance  that  the  substances 
forming  such  bubbles  will  exert  an  enormous  vapor  pressure  at 
the  fining  temperature.  These  gases  are  all  rather  insoluble  in 
glass  at  this  temperature,  and  since  conditions  are  such  that 
they,  can  not  escape,  they  remain  in  the  glass  as  bubbles  or 
"seeds." 

The  second  class  of  bubbles  includes  those  resulting  from 
the  volatilization  of  some  of  the  ingredients  of  the  batch,  A 
typical  example  of  this  is  common  salt. 

These  substances  as  a  class  are  more  soluble  in  the  glass, 
and  they  do  not  possess  such  high  vapor  pressure.  As  a  con- 
clusion one  would  think  that  they  could  not  exert  such  a  great 
pressure  within  a  bubble.  If  they  were  subject  to  greater 
pressure,  more  would  go  into  solution  according  to  the  laws 
governing  equilibrium  between  gases  and  liquids,  and  as  a  result 
they  would  not  have  such  a  great  bubble  forming  power.  Such 
substances,  especially  because  of  their  low  percentage  in  the 
glass  batch,  would  be  more  apt  to  volatilize  into  bubbles  already 
found. 

It  is  believed  that  this  would  explain  the  case  cited  by 
Frink-,  A  very  small  amount  of  arsenic  was  introduced  into 
the  batch.  A  great  number  of  seeds  were  observed,  all  of 
which  contained  some  of  the  arsenic,  but  the  arsenic  by  itself 
could  hardly  have  been  responsible  for  all  of  these  seeds.  If, 
however,  the  arsenic  volatilized  into  small  bubbles  already 
formed,  it  would  take  but  a  small  amount  to  make  its  appear- 
ance in  a  great  number  of  bubbles. 

The  third  class  includes  such  bubbles  as  those  which  result 
from  ingredients  purposely  introduced  after  the  glass  is  fused 
(a  potato,  or  arsenic).  If  introduced  at  this  time  their  vapor 
pressures  are  very  high.  The  rate  of  solution,  if  soluble  at 
all,  is  low.  As  a  result  such  substances  hardly  go  into  solution 
but  volatilize  rapidly,  and  as  a  result  form  bubbles. 

The  fourth  class  includes  those  bubbles  introduced  by  ac- 
cident. Those  evolved  during  reheating,  those  introduced  dur- 
ing gathering,  etc.,  constitute  this  class.  In  this  paper  such 
bubbles  will  not  be  considered. 


REMOVAL    OF    liUBBLES    IX    MOLTEN    GLASS  203 

Removal  of  Bubbles.  Once  these  bubbles  form  they  are 
subjected  to  several  forces.  The  first  force  is  due  to  the  dis- 
placement of  the  light  vapor  by  the  heavy  glass.  This  can  be 
expressed  mathematically  by  the   following  expression : 

F  =  v(p—p')g  (i) 

F  =  upward   force  of  the  bubble.       p  =  density  of  the  glass. 
V  =  the  volume  of  the  bubble.  p'  =  density  of  the  vapor 

g  =  attraction  of  gravity. 

P.y  means  of  this  the  upward  force  of  the  bubble  may  be 
calculated,  l-or  very  small  bubbles  it  approaches  zero  as  a 
limit,  and  for  large  ones  this  force  become  considerable. 

.A.cting  against  this  upward  force  is  the  friclional  resist- 
ance of  the  glass.  If  the  total  resistance  upon  a  bubble  is  rep- 
resented by  R,  and  K  is  the  constant  representing  the  frictional 
resistance  of  the  glass  at  that  temperature,  and  x  represents  the 
rate  of  movement  of  the  bubble,  an  equation  results,  — 

R  =  dTrKrx  (2) 

Unfortunately  there  is  no  material  available  on  the  fric- 
tional resistance  of  glass,  so  it  is  necessary  to  develop  a  com- 
parison with  viscosity.  Barus  has  worked  with  the  settling  of 
particles  in  water  and  used  the  same  formula  for  the  resistance 
ofTered.  (Barus,  Bull.  ?(5,  U.  S.  Geo.  Siir.).  He  found  that 
the  particles  of  a  certain  size  would  settle  in  water  at  a  tem- 
perature of  15°  at  the  rate  of  3  cm. /sec.  10".  The  same  par- 
ticles settled  in  water  at  a  temperature  of  100°  at  the  rate  of 
30  cm. /sec.  10".  The  viscosity  of  water  at  ickd°  is  V«  that  at 
at  15°.  In  other  words  the  particles  at  100°  settled  ten  times 
as  rapidly  as  at  15°,  while  the  viscosity  decreased  only  six  times. 
The  greater  proportionate  increase  in  the  rate  of  settling  than 
the  decrease  in  the  viscosity  was  attributed  to  increased  mole- 
cular activity.  If  now  the  broad  term  of  frictional  resistance 
includes  this  it  can  be  said  that  the  frictional  resistance  had 
decreased  ten  times  while  the  viscosity  had  decreased  six  times. 
Applying  this  to  the  frictional  resistance  offered  by  glass  to  the 
upward  passage  of  gas  bubbles  it  may  be  said  that  the  frictional 
resistance  decreases  as  the  viscosity  decreases  but  in  a  greater 
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degree.  If  a  viscosity  curve  for  glass  such  as  is  given  by 
Dralle  is  investigated,  the  following  facts  can  be  seen  (Dralle, 
Das  Glasfabrikation.  Vol.  I.  p.  31  ).  The  viscosity  decreases 
rapidly  until  a  certain  temperature  is  reached.  In  this  case  it 
is  1100°.  Above  this  temperature  the  viscosity  decreases  less 
rapidly  as  the  temperature  is  increased  until  a  second  limit  is 
reached.  This  second  limit  in  the  particular  example  is  1500° 
As  the  temperature  is  increased  further,  the  viscocity  falls  but 
slowly. 

It  leads  to  the  conclusion  that  the  frictional  resistance  of- 
fered by  the  glass  to  the  upward  passage  of  a  bubble  varies  in 
much  the  same  way.  It  decreases  very  rapidly  up  to  the  tem- 
perature of  1000°  to  1200°,  according  to  the  composition  of 
the  glass.  Beyond  this  temperature  the  decrease  in  frictional 
resistance  per  degree  rise  becomes  smaller  and  smaller.  In 
order,  therefore,  to  make  the  value  K  so  small  as  to  be  neglig- 
ible, the  glass  must  be  heated  to  an  extremely  high  tempera- 
ture. This  temperature,  even  if  available,  can  not  be  used  in 
practice.  There  is  no  refractory  which  could  be  used  at  such  a 
temperature  if  the  glass  itself  would  stand  such  a  treatment. 
Because  of  this,  A'  will  always  exert  a  limiting  influence  upon 
the  rate   (.1)   at  which  the  bubbles  escape. 

If  the  speed  of  the  bubble  in  its  upward  passage  is  uni- 
form. F  =  R  and  the  equations  become.  — 

e-wKrx^v  (p  —  p  )  g (3) 

6  TT  Kr.Y  =  4/3  TT  r {p  —  p' )  g (4) 

■r  =2/9  r- —     (5) 

A. 

Ar- 

.v=  — (6) 

K 

The  constantyi  is  inserted  here  to  include  the  constant  values 
2/9,  p.  p'  (which  is  in  comparison  with  p  small  and  may  be  ne- 
glected), and  g. 

The  limits  of  K  have  been  discussed.  It  is  apparent,  then 
from  equation   (6).  that  the  dimension  of  the  bubble  is  an  ex- 
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tr(.-nK-l\'  iiiiportant  factor  in  determining  the  rate  (.r)  of  its  re- 
moval, if  r  is  sufficiently  small  the  bubble  inay  be  permanently 
retained,  as  shown  by  IMaxwell. 

I'y  means  of  Stokes's  formula,  he  found  that  if  air  were 
rarified  looo  times,  and  drops  of  water  one  half  the  diameter  of 
a  human  hair  (.0025  cm.)  were  introduced,  they  woidd  fall  at 
the  rate  of  2  cm.  per  second.  However,  if  the  radius  were  i/iOO 
as  large,  its  rate  would  decrease  i/ioooo  (since  it  varies  as  r-) 
and  would  be  less  than  .  1  cm.  per  liour. 

The  frictional  resistance  of  glass  is  enormous  in  comparison 
to  that  of  air  rarified  1000  times.  Since  very  small  particles  set- 
tle in  the  air  slowly,  they  must  therefore  rise  still  more  slowly 
through  molten  glass.  As  a  result  of  this  they  would  eitlier  be 
held  in  suspension  or  move  at  a  negligibly  slow  rate. 

In  order  to  increase  this  rate,  the  radius  of  the  bubble  must 
be  increased.  This  might  be  done  in  several  ways.  One  way 
would  be  to  expand  the  bubble  by  increasing  its  internal  pressure. 
Another  way  would  be  to  combine  several  bubbles  to  form  a 
larger  one.  A  third  way  would  be  to  decrease  the  external  pres- 
sure exerted  on  the  buljble,  as  may  be  deduced  from  the  general 
gas  law,  ■ — 

pr  =  RT 

Ii!  eacli  case  howc\ei'  the  size  nf  the  bubble  becomes  a  function  of 
])ressure. 

lUibbles  approaching  the  top  of  the  licjuid  do  not  expand  to 
any  extent.  This  shows  that  the  hydrostatic  pressure  of  the  glass 
is  not  the  force  which  controls  the  size  of  the  bubble.  If  the 
pressure  of  the  atniosjihere  is  neglected,  the  remaining  force 
which  limits  the  expansion  is  the  surface  tension  of  the  glass 
about  the  bubble.  It  is  working  against  the  gas  pressure  on  the 
inside  of  the  bubble,  and  the  two  forces  are  equal. 

it  is  tiiis  force  that  is  responsible  for  the  shape  of  the  bub- 
ble. Surface  tension  is  a  form  of  potential  energy.  Potential 
energy  always  tends  toward  a  minimum.  In  order  to  have  the 
smallest  surface  enclosing  a  given  volume  it  is  necessary  to  have 
the  bubble  spherical.  .Any  variations  from  this  shape  are  due  to 
the  introduction  of  other  forces. 
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In  order  to  calculate  the  pressures  of  various  sized  bubbles 
the  inside  gas  pressure  and  the  surface  tension  are  equated 
( Hatschek.  Surface  Tension).  If  p  is  the  inside  pressure  of  the 
gas  then  the  total  pressure  exerted  on  the  sides  of  the  bubble  is 
equal  to  px  area  of  the  greatest  circle. 

Total  pressure  =  p-n-r-  (y  ) 

The  surface  tension  is  expressed  bv  cr  and  it  is  working 
about  the  circumference  of  this  same  circle.  The  total  force  of 
this  is  expressed  by  the  equation.  — 

Total  surface  tension  ^  .Jirjvr  (8) 
Tlie  two  forces  are  equal. 

J-jTl-a  =  p-r'  (9) 

p  =  ja/r  ( 10  I 

n-js  a  constant  for  a  fixed  temperature  and  r  may  be  any  size. 
The  inside  pressure  then  varies  inversely  as  the  radius  of  the 
bubble.  It  is  exceedingly  great  for  small  bubbles  and  small  for 
large  bubbles.  This  is  an  e.xceedingly  important  principle  in  the 
fining  of  glass. 

Let  us  suppose  a  condition  where  very  small  bubbles  are 
scattered  throughout  a  glass  batch  in  the  molten  state.  Xow  let 
a  substance  be  introduced  which  will  form  large  bubbles.  This 
is  often  done  by  introducing  a  potato.  .As  these  large  bubbles 
form  at  the  bottom  of  the  melt  they  rise  rapidly  because  of  their 
hrge  radius.  The  rate  of  ascent  varies  as  the  square  of  the 
radius,  as  was  proved,  and  hence  their  speed  upward  is  relatively 
great.  These  large  bubbles  are  under  a  low  pressure  in  compari- 
son to  the  small  Inibbles  with  which  they  come  in  contact.  The 
result  is  that  the  large  bubble  grows  at  the  expense  of  the  small 
one,  and  hence  it  rises  still  more  easily.  The  difficulty  en- 
countered in  all  other  methods  of  removing  small  bubbles  is  that 
the  smaller  they  are,  the  harder  they  are  to  remove.  In  this 
case  however  the  smaller  they  are  the  greater  will  be  their  inside 
pressure,  and  the  more  vigorously  will  they  force  their  way  into 
the  large  bubbles.  If  this  principle  is  applied  therefore  in  glasses 
of  reasonable  frictional  resistance,  all  bubbles  will  be  removed. 

.Another   possibility   of    increasing  the   radius   of    a  bubble 
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was  by  expansion.  In  order  to  do  this  the  pressure  must  be 
increased  in  the  inside  of  the  bubble.  This  can  be  done  by  in- 
creasing the  temperature.  It  is  found,  however,  that  small 
bubbles  are  again  harder  to  expand  than  the  larger  ones. 

4/3^r''  =  r  (ii) 

r-'  =  37V47r  (12) 

r=     — =C,v''>  (13) 

C  is  a  constant  to  include  3/47r 

pv^nRT  or  p^nRT/7'  (14) 

(The  general  gas  law  where  7?  is  a  constant  and  since  a 
fixed  amount  of  gas  is  within  each  bubble  when  considered  from 
this  standpoint,  «  is  also  a  constant.) 

p  ^  3a    r  (10) 

therefore  2&v  =  nrRT  (15) 

nRRT 
v=    ^ (16) 

R  h  a  constant,     n  is  a  constant.     At  this  temperature  20- 

nR 

does  not  vary  appreciably.     C,  is  therefore  substituted   for  — 


v=C\rT 

(17) 

r  =  v/CJ 

(18) 

Combining  13  and  18. 

T'/CT  =  cy^. 

(19) 

v=C,CJV. 

(20) 

C,  is  substituted  for  the  two  constants  C^C^. 

T.=  r7f", 

Taking  the  derivative  to  secure  the  rate  of  increase  in  vol- 
ume with  increase  in  temperature. 

dv/dt=  C>'"s 

This  shows  that  the  rate  of  exi)ansion  dcjiends  upon  a  con- 
stant and  the  diameter  of  the  bubble.  A  bubble  of  unit  volume 
will  only  increase  1/2  as  much  in  proportion  as  a  bubble  of  eight 
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times  the  unit  volume.  The  temperature  range  is  again  limited, 
as  it  was  in  decreasing  the  frictional  constant  K.  The  conclu- 
sion is  that  small  bubbles,  since  they  will  expand  but  little  with 
the  temperature  range  available,  can  not  be  completely  removed 
by  any  possible  expansion. 

Summary,  i.  The  remo\al  of  bubbles  depends  ui)on  the 
frictional  resistance  of  the  glass  and  the  square  of  the  radius  of 
the  bubble.     If  .i'  equals  the  rate  then  x  ^  Ar-/K. 

II.  A.'  can  never  be  made  negligibly  small,  therefore  ex- 
tremelv  small  bubbles  can  not  Ije  entirely  removed  by  increas- 
ing the  temperature.  K  can  simpl_\-  be  made  aS  small  as  is 
jjractical. 

III.  .After  K  is  made  sufficientl_\-  small  the  radius  of  the 
bubble  must  be  greater  than  a  certain  minimum  value  before 
the  bubble   will  rise. 

I\'.  Expansion  of  bubbles  by  increasing  the  temperature 
will  not  remove  all  bubbles. 

\".  The  most  certain  way  to  assure  the  removal  of  all 
bubbles  is  Ijy  the  introduction  of  large  bubbles.  The  small 
bubble  then  passes  into  the  larger  one  and  passes  out  with  it. 

School  of  Chemistry, 
University  of  Pittsbuigh. 


NOTE  ON   PINHOLING  AND  PEELING  ON 
TERRA  COTTA 

BV    Hi: WITT    WILSON 

Intermittently  wc  ha\e  been  troubled  with  peculiarly  slia])ed 
pinholes  in  our  glazed  ware.  They  are  small  tongues  of  under- 
slip  rising  through  the  glaze  and  leaving  a  clean  hole  to  the  body. 
The  glazed  surface  becomes  spotted  as  soon  as  dirt  lodges  in  the 
small  openings.  Water  or  ink  soaks  readily  into  the  body 
through  these  holes,  and  a  distinct  projection  can  be  felt  by  rub- 
bing the  hand  over  the  glazed  surface.  They  are  not  merely  the 
small  blisters  or  holes  in  the  glaze  alone  which  are  usually 
reported. 

Observations.  The  idlKnving  observations  have  been 
made : 

(1).  When  the  second  coating  of  underslip  or  the  first 
or  second  coating  of  glaze  is  sprayed  onto  the  dried  terra  cotta, 
these  tongues  of  underslip  can  be  seen  rising.  They  open  slowly, 
not  like  the  bursting  of  a  bubble  which  stops  as  soon  as  the  in- 
ternal gas  escapes,  but  as  if  there  were  a  stretching  or  pulling 
action  at  a  point  of  rupture.  R.xposing  the  body  at  this  point 
usually  shows  a  bit  of  grog  f)r  a  bard  substance,  but  exceptions  to 
this  are  numerous. 

(2).  Rubbing  the  driei.1  and  glazed  surface,  until  all  the 
pinholes  are  pushed  down  and  covered,  does  not  stop  them  from 
showing  as  badly  as  ever  after  burning. 

(3).  Care  was  taken  that  there  was  no  oil  on  the  terra 
cotta,  and  all  dust  was  thoroughly  brushed  away. 

(4).  Particles  of  plaster  from  the  molds  were  not  the  cause 
of  the  trouble. 

(5).  The  pinholes  were  not  caused  by  the  slip  coatings  or 
the  first  glaze  coating  being  drier  than  the  usual  practice  before 
applying  the  succeeding  coat.  When  a  wet  glaze  is  sprayed  onto 
.some  underslius  which  are  partially  dry,  blistering  will  occur. 

(■ill!M 


210  I'lMIOLIXi;    WD    I'EICLIXC    OX    TERRA    CDTTA 

(6).  Removing  the  surface  with  sand  paper  stop])ed  the 
greater  part  of  them. 

(J).  Tliis  trouble  attacked  all  glazed  ware  and  was  worse 
in  those  glazes  which  flowed  the  least  in  firing.  There  would  be 
more  pinholes  on  an  ashler  piece  than  on  an  ornamental  design. 

(8).  If  the  underslip  were  fired  with  no  glaze  covering,  no 
pinholes  showed.  This  was  also  true  of  our  standard  finish  or 
vitreous  coating. 

(9).  By  respraying  the  burned  pinholed  surfaces  with 
glaze  alone  and  reburning,  they  were  entirely  filleil  and  a  good 
surface  produced. 

(lo).  The  usual  addition  of  barium  carbonate  to  the  clay 
body  is  about  one-half  of  one  percent.  By  raising  this  to  about 
two  percent  and  using  the  more  soluble  barium  fluoride  as  part  of 
this  content,  we  could  reduce  the  number  of  pinholes  but  could 
not  eliminate  them  altogether. 

(II).  It  was  thought  that  the  crystallization  of  a  soluble 
salt  added  to  the  tmderslip  would  stop  the  peeling  and  probably 
the  pinholes.  One  percent  soda  ash  was  used  for  several  months 
but  produced  no  noticeable  difiference  in  holding  properties. 

If  the  barium  carbonate  were  left  out  of  the  body,  peeling 
of  the  glaze  and  slip  from  the  bared  body  was  produced  and  also 
more  pinholes  were  obtained.  The  edges  would  be  loose  and 
crumbly  and  the  glaze  as  fragile  as  egg  shells.  Removing  the 
glaze  from  an  edge  or  peeled  place  revealed  a  brown  discolored 
body.  More  pinholes  would  form  on  the  loose  edges  than  in 
other  parts. 

^^'ith■or  without  barium  carbonate  we  occasionally  see  a 
brown  discoloration  on  the  dried  terra  cotta  before  slipping,  but 
these  do  not  produce  peeling  nor  pinholes. 

Theory  Advanced  for  Peeling  and  Pinholing.  .Vs  the 
terra  cotta  dries,  the  soluble  salts  are  carried  to  the  surface. 
Depending  upon  the  amount  of  barium  carbonate  these  will  come 
to  the  surface  in  large  quantities  and  cover  large  areas  densely, 
or  small  portions  of  the  soluble  salts,  starting  from  sources  near 
the  surface,  will  merely  collect  on  a  projecting  piece  of  grog,  a 
surface  irregularitv  or  on  an  edge  of  a  drying  piece.  If  the 
soluble  salt  content  is  large,  the  chances   fOr  this  escape   from 
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the  l)ariitm  will  he  larger,  and  little  points  of  salt  deposition  may 
bo  ver)-  numerous. 

When  the  first  coating  of  imderslip  is  sprayed  on,  the  dry 
body  soaks  up  the  water  very  fast,  and  the  smooth  wet  coat 
hardens  quickly.  But  when  the  second  slip  coating  and  the  fol- 
lowing glaze  coats  are  ap])lied.  each  to  a  water  finish,  there  is  an 
elastic  film  stretched  over  the  surface.  While  this  is  still  wet, 
the  little  tongues  lift,  due  to  the  action  of  the  points  of  salt 
crystals  on  the  first  coat  of  underslip  which  has  been  softened 
again  by  the  wet  coats  above.  This  salt  action  may  be  likened  to 
the  thinning  and  thickening  of  the  slips  and  glazes  by  the  use 
of  hydrochloric  acid  and  soda  ash.  At  least  the  slip  is  disturbed 
at  this  salt  point,  and  the  pulling  of  the  surface  tension  causes 
a  break  at  the  weakened  place  and  a  rise  of  a  broken  portion 
of  the  dried  first  coat  as  the  over-lying  coatings  contract  with  the 
escaping  of  the  water. 

Our  underslip  is  a  very  plastic  body  containing  40  percent 
English  ball  clay  and  40  percent  English  china  clay.  Our  stand- 
ard finish  only  has  12  percent  English  ball  and  24  percent  English 
china  clays.  The  glazes  contain  only  about  10  percent  ball  clay 
and  5  percent  china  clay.  When  the  standards  or  glazes  are 
sprayed  directly  onto  the  body,  there  will  be  no  pinholes  irrespec- 
tive of  additional  coatings.  Bubiiles  and  blisters  can  be  produced, 
however,  wnth  these  low  clay  slips. 

It  is  possible  that  a  gas  or  air  bubble  could  start  the  lift- 
ing action  which  would  be  finished  by  the  surface  tension,  but 
these  are  usually  larger  in  area  than  that  covered  by  the  pinhole 
action. 

Attempts  to  Produce  Pinholes.  Several  experiments 
were  made  to  produce  pinholes  b\'  addition  of  soluble  salts :  — 

1.  Grog  was  soaked  with  a  saturated  solution  of  magnesium 
sulphate  and  dried.  After  the  excess  coating  on  the  surface  had 
been  washed  olT,  the  grog  was  again  dried  and  used  in  the  body 
mix  with  or  w'ithout  additions  of  barium  fluoride  and  carbonate. 
.Ml  trials  gave  no  indications  of  jieeling  or  pinlioling.  when  dry. 
during  spraying  or  after  burning, 

2.  The  regular  body  mix  which  had  stood  in  a  bowl  from 
which  some  [lotassium  dichromate  had  not  been  thoroughlv  re- 
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moved,  showed  a  distinct  discoloration  on  the  dried  body  and 
gave  bad  peeling  but  no  pinholes  when  glazed  and  burned.  This 
was  but  a  minute  quantity  of  the  dichromate.  as  the  bowl  had 
been  washed  and  the  portion  staining  the  clay  had  come  from 
a  crack  and  other  rough  parts  of  the  inside  surface. 

3.  Magnesium  sulphate  in  powdered  crystalline  form  was 
dusted  onto  the  dry  body  surface  before  application  of  underslip 
and  glaze.  Likewise  on  another  set  of  trials  fine  dry  grog  was 
applied  to  the  surface.  In  spraying  on  the  underslip  the  mag- 
nesium sulphate  caused  numerous  tongues  to  lift  and  small  bub- 
bles to  form.  The  latter  most  probably  contained  air  which  had 
been  held  around  the  crystals.  They  could  "be  drowned  by  suc- 
ceeding coatings.  The  grog  dust  gave  air  bubbles  but  no  tongues, 
produced  three  times  the  number  of  pinholes  that  the  grog  had, 
but  this  was  many  times  less  than  the  number  seen  on  regu- 
lar ware  when  not  wanted.  We  would  think  that  in  this  concen- 
trated form  the  glaze  surface  would  have  been  badly  broken 
with  eruptions.  The  grog  particles  were  buried  completely  or 
stood  waist  deep  in  glaze.  Most  of  the  pinholes  in  this  case 
seemed  to  come  from  the  body  itself  and  not  from  the  grog. 

4.  The  phenolphtalein  alkalinity  test  made  upon  red-burn- 
ing shales  of  West  Washington  shows  a  slight  alkaline  reaction. 
There  is  no  acid  or  alkaline  reaction  with  the  regular  raw  body, 
taken  either  from  clean  places  or  brown  .discolored  edges.  A 
shale  body  without  barium  will  peel  worse  than  the  regular  terra 
cotta  body. 

5.  A  clay  "tea"  was  made  by  boiling  500  grams  of  ground 
terra  cotta  body  clay  with  hydrant  water,  settling,  decanting,  and 
concentrating  the  licjuid.  This  gave  a  brown  color.  A  qualita- 
tive analysis  made  upon  this  liquid  gave  no  inorganic  salts.  We 
are  pretty  certain  as  to  the  absence  of  iron  but  not  of  the  alkaline 
earths.  It  should  be  checked,  .\fter  soaking  several  white 
burned,  English  china  clay  test  bars  in  the  brown  li(|uid.  they 
were  burned  but  gave  no  signs  of  any  discoloration. 

6.  An  evaporation  analysis  was  made  as  follows  :  —  Ground 
clay  was  dried  at  200  degrees  F.  .'\  five  gram  sample  was  boiled 
for   15   minutes   in   distilled   water  with   three   to  four  times  its 
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\()luine  of  water.  Tlu-  slip  was  ;ilIo\vc(I  to  settle  and  then  fil- 
tered through  a  burned  clay  filter  (using  suction),  washed  with 
hot  water,  and  the  filtrate  evaporated  to  dryness  and  residue 
cooled  in  a  dessicator. 

This  gave  for  three  trials  on  the  regular  body  mix,  with- 
out barium,  .114  percent,  .128  jjcrcent  and  160  percent  soluble 
salts  depending  on  the  porosity  of  the  filter  and  the  amount  of 
washing. 

Two  hundred  cc.  of  hydrant  water,  ajiproximately  the 
amount  used  in  a  test  of  this  sort  was  evaporated  to  dryness  and 
gave  .0158  gm.  residue  or  .0079  percent. 

7.  Sulphur  and  I'inholing.  (Hazed  samples  were  put  in 
a  small  muffle  kiln,  .-md  suljihur  was  added  at  the  fire  box  to 
the  burning  coal  and  also  thrown  into  the  muffle  when  red  hot. 
Pinholes  appear  in  several  patches  which  show  a  discoloration 
from  sulphuring,  but  they  are  in  the  glaze  alone  and  are  not  of 
the  tongued  variety.  Suljjhur  was  also  plunged  into  the  slip 
and  glaze.    Besides  a  slight  dryness  no  disturbance  was  produced. 

8.  Tests  with  Barium  Salts.  Additions  of  various  salts 
were  made  to  the  regular  face  clay  which  has  been  giving  pin- 
holes. This  clay  had  .35-. 4  percent  barium  carbonate  added 
at  the  dry  pan  and  had  aged  one  week  in  the  damp  concrete 
cellars.  The  additions  of  salt  were  made  by  repugging  the  re- 
quired amount  (percent  dry  basis)  with  the  wet  clay  to  a 
wetter  consistencw 

Seven  3  in.  ])\  5  in.  trials  or  105  sq.  in.  of  surface  were 
pressed  from  each  batch. 
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One  percent  barium  chloride  produced  bad  sticking  to  the 
molds  and  gave  crowfooting  to  the  glaze.  A  smaller  percent 
should  have  been  used  as  it  is  too  readily  soluble.  The  fluoride 
acted  best  of  all,  but  it  does  not  eliminate  the  trouble  entirely. 

9.  \\  hen  the  I'H  I  body  samples  were  dry,  five  were  water 
brushed  with  a  10  percent  solution  of  barium  chloride.  This 
produced  140  pinholes  per  105  sq.  in. 

When  a  10  percent  solution  of  barium  fluoride  was  used 
188  pinholes  were  produced  per  105  sq.  in.  of  surface. 

10.  We  ordinarily  use  wood  for  heating  the  raw-clay 
dryer,  but  owing  to  a  scarcity  of  this  fuel,  coal  was  used  for  one 
burn.  This  might  have  caused  a  formation  of  sulphates  on  the 
damp  clay,  as  the  products  of  combustion  came  in  contact  with 
the  clay.  But  samples  made '  from  damp  clay  which  had  been 
sooted  black  with  coal  smoke  and  others  with  wood  smoke  gave 
no  pinholes. 

Use  of  Gum  Arabic.  Two  per  cent  gum  arable  sorts 
added  to  the  underslip  and  3  percent  added  to  the  glazes  stopped 
all  pinholing.  Before,  where  a  pinhole  would  rise  there  is  just 
a  small  depression  made  shiny  at  a  certain  angle  of  vision  by 
the  separate  reflection  of  the  saucer  shaped  surface.  The  glaze 
coatings  fill  these,  and  no  tongues  of  underslip  protrude.  When 
the  gum  is  omitted  from  either  the  slip  or  glaze  a  few  pinholes 
appear  at  tiines.  The  gum  increases  the  slip  strength  and 
stickiness  to  such  a  point  that  the  soluble  salt  action,  surface 
tension  of  gas  expansion  can  not  break  the  surface.  The  dry 
modulus  of  rupture  of  the  underslip  was  increased  from  457 
to  1060  or  603  pounds  per  sq.  in.  by  the  2  percent  gum  addition. 

There  was  no  apparent  change  in  the  wet  tensile  strength, 
but  this  does  not  measure  the  stickiness  or  the  plasticity  of 
the  slip. 

Besides  the  elimination  of  the  pinholes,  the  gum  causes 
the  underslip  to  liold  tight  to  the  body  during  the  dry  stage  in 
which  period  it  is  easiest  to  let  go.  Also  the  glaze  surface  is 
hardened  and  is  not  easily  broken  nor  dusted  off  in  kiln  set- 
ting. The  ball  clay  content  which  had  been  relied  upon  for 
holding  the  glaze  and  slip  to  the  body,  can  be  reduced. 
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The  cost  of  f^nini  arable  sorts  is  iX.  i  cents  /.  o.  b.  Auburn. 
The  increase  in  the  cost  of  a  ton  of  glazed  terra  cotta  is  about 
18.8  cents;  for  standard  finish,  about  9.9  cents. 

Tlie  souring  and  fermenting  on  standing  is  a  bacterial  ac- 
tion and  tends  to  destroy  the  holding  quality  of  the  glazes.  It 
can  be  stopped  with  formaldehyde,  or  other  disinfectants. 


HEAT  BALANCE  OF  A  CONTINUOUS  TUNNEL 
KILN' 

BV   CARL  B.   HAKROP,  COLUMBUS,   OHIO 

In  \"ohime  X\'III  of  these  Transactions  Mr.  L.  E.  Barringer 
describes  a  continuous  tininel  kiln  of  the  moving  car  type,  which 
is  in  successful  operation  at  the  plant  of  the  General  Electric  Co., 
Schenectady,  X.  Y. 

The  first  kiln  of  this  design  constructed  in  the  United 
States,  was  built  at  a  refractories  plant  at  Keasbey,  near  Perth 
Amboy,  N.  J.,  and  was  put  into  operation  in  June,  1910.  At 
the  present  time  there  are  two  of  these  kilns  in  successful  opera- 
tion at  this  plant. 

During  the  summer  of  1916  the  U.  S.  Bureau  of  Standards 
conducted  a  series  of  tests  on  kiln  designated  as  Xo.  i  at  the 
Keasbey  plant  and  the  following  account  covers  the  first  of  the 
series  of  four  tests. 

The  Kiln.  The  kiln  is  197  feet  long,  with  a  tunnel  cross 
section  4  ft.  4  in.  wide  by  8  ft.  high  from  the  top  of  the  track 
rails  to  the  center  of  the  crown. 

Four  hand-fired  horizontal  grate  bar  furnaces  are  used,  — 
two  on  each  side  of  the  kiln,  located  close  together  and  about 
108  feet  from  the  charging  end.  The  grate  area  of  each  furnace 
is  161X  in.  bv  39  in.  The  ash  pits  are  depressed  and  are  kept 
filled  with  water. 

The  draft  outlet  from  the  kiln  is  located  aljout  18 '2  feet 
from  the  charging  end  of  the  kiln.  Two  vertical  flues  in  the 
side  walls  at  this  point,  —  one  on  each  side  of  the  tunnel.  — 
drop  past  fire  clay  slab  dampers  into  the  main  draft  flue,  which 
runs  transversely  underneath  the  kiln.  This  main  draft  flue 
which  also  serves  tunnel  kiln  No.  2  leads  to  a  chimnc}-  126  feet 
high  by  5  ft.  6  in.  diameter  inside,  the  top  of  which  is  closed  to 
5  ft.  6  in.  by  15  in. 


By    permission    of    the    Director    of    the    Bureau 

(-216) 
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The  Cars.  TIk'  cars  have  a  strong'  steel  frame  iiiounttd 
on  four  sinj^k'-llanj^'-cd  wheels  and  carry  a  clay  sii]>erstriictnre  or 
platform  4  ft.  i'4  in.  wide  by  5  ft.  5  in.  long,  weighing  about 
2360  pounds.      The  iron  work  weighs  approximately  890  pounds. 

The  cars  will  carry  about  goo  standard  fire  bricks,  weighing 
nearly  3  tons  burned. 

The  Ware.  The  ware,  which  is  said  to  be  burned  to  cone 
14,  is  standard,  size  tire  bricks  and  other  refractories  of  various 
shapes  and  sizes. 

The  distribution  of  heat  through  the  ware  seemed  to  be 
good,  altho  no  test  was  made  to  determine  what  variations  of 
temperature  existed. 

Operation  of  the  Kiln.  The  kiln  is  operated  day  and  night 
alike.  The  tunnel  holds  36  cars. —  17  are  heating  up,  4  are  in 
the  high  fire  zone  and  15  are  cooling  at  all  times. 

.\t  the  time  of  this  test  a  car  was  taken  from  the  discharge 
end  every  two  hours:  a  car  of  green  ware  was  then  run  into 
the  lock  or  vestibule  at  the  charging  end  and  finally  the  whole 
train  was  moved  down  one  car  length  by  means  of  a  geared 
hand  winch,  located  near  the  charging  end.  On  some  occasions, 
when  btirning  all  brick,  the  cars  are  moved  at  shorter  intervals. 

It  is  planned  to  fire  the  furnaces  immediately  after  moving 
the  cars,  altho  sometimes  they  have  to  be  fired  more  often,  in 
which  case  the  time  of  firing  does  not  always  corresjiond  with 
the  moving  of  the  cars. 

Morgan  run-of-mine  gas  coal,  from  the  Fairmount,  W.  \'a., 
district  was  used  during  the  tests  and  the  grates  were  cleaned 
twice  each  24  hours. 

The  Testing  Apparatus.  .\  small  combination  and  pan 
scale  was  used  to  weigli  the  coal  fired,  the  ash  before  and  after 
drying,  and  the  green  brick  before  and  after  drying. 

.\  llygrodeik  (wet  and.  dry  bulb  hygrometer)  placed  near 
the  kiln  in  a  position  protected  from  radiation,  was  used  for 
determining  the  temperature  of  the  atmosphere  and  the  humid- 
ity,—  a    12-inch  desk  fan  supplying  continuous  air  circulation. 

Three  jjlatinum  platinum-rhodium  thermo-cou])les  were 
hung  thru  the  center  of  the  crown  into  the  top  of  the  tunnel  (the 
ends  extending  aljout  4  inches  below  the  under  surface  of  the 
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crown  )  at  the  places  marked  P\  P"  and  P'''.  One  copper-con- 
slantan  thermo-couple  was  placed  in  each  of  the  two  draft  out- 
lets. One  portable  copper-constantan  thermo-couple  of  No.  30 
wire,  having  the  junction  placed  on  a  small  soft  pad  on  the 
erd  of  an  asbestos  rod  was  used  for  measuring  the  temperature 
of  the  discharged  ware  and  car  and  for  measuring  external  kiln 
temperatures. 

A  Leeds  and  Xorthrup  portable  potentiometer  was  used  in 
connection  with  all  thermo-couples. 

A  Williams  gas  analysis  apparatus  was  used  for  deter- 
n^ining  carbon  dioxide,  oxygen  and  carbon  monoxide  in  the  com- 
bustion gases. 

An  incliiie-tulie  draft  gage  was  used  for  determining  the 
static  draft  in  the  two  draft  outlets. 

A  Pilot  tube  in  connection  with  the  draft  gage  was  used 
for  measuring  the  velocity  pressure  in  the  two  draft  outlets. 

The  Test.  It  was  planned  to  obtain  such  data  during  the 
test  as  would  enable  one  to  calculate  all  or  practically  all  of  the 
various  heat  expenditures  and  heat  losses  which  take  place  in  the 
regular  operation  of  the  kiln.  The  benefit  to  be  derived  is  two- 
fold. First,  it  will  show  by  comparison  in  what  respects  it  is  more 
or  less  efficient  than  another  type  of  kiln  and  second,  it  will  show 
in  what  way  its  own  efficiency  may  be  increased. 

This  test  covered  a  period  of  6  hours, —  from  10:20  A.  M. 
to  4 :20  P.  M.,  during  which  time  the  cars  were  shifted  three 
times,  and  the  furnaces  were  fired  4  times. 

The  fires  were  cleaned  at  9  :oo  A.  M.  and  immediateh-  be- 
fore the  test  began  the  ash  pits  were  filled  with  water  to  an  ob- 
served level. 

The  temperature  and  Inmiidit}'  readings  were  taken  every 
two  hours. 

At  each  firing  the  exact  amount  of  coal  charged  was  noted 
and  a  sample  preserved  in  a  sealed  jar  for  analysis  and  deter- 
mination of  calorific  value. 

As  each  car  was  discharged  from  the  kiln,  the  temperature 
of  the  ware  and  clay  in  the  car  structure  was  taken  on  both 
sides  at  places  which  seemed  to  represent  the  average  tempera- 
ture  of   the   mass.     The   same   procedure   was   followed    in    re- 
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gard  to  the  iron  work  in  the  car  structure.  The  number  of  the 
car  was  noted,  so  that  the  ware  which  it  carried  could  be  looked 
up  from  the  records  in  the  burner's  office. 

Two  bricks  were  taken  from  the  setting  of  each  car  of 
green  ware  introduced  into  the  kiln,  and  the  number  of  the  car 
noted.  These  bricks  were  weighed  and  then  placed  on  top  of 
the  car  whicli  was  just  discharged,  .\fter  l)ecoming  thoroly 
dry,  they  were  reweighed,  giving  by  difference  the  mechanical 
and  hygroscopic  water  content.  ihc  bricks  taken  as  samples 
in  this  way  during  the  test  were  crushed  and  a  sample  preser\-ed 
for  determination  of  chemical  water. 

At  intervals  of  approximately  one  hour,  the  temijerature 
of  the  f^ue  gases  in  each  draft  outlet  was  noted. 

Continuous  flue  gas  samples  were  taken  during  the  test 
from  each  draft  outlet,  covering  the  period  from  just  before 
one  fire  to  just  before  the  next. 

At  the  end  of  the  test  the  static  draft  and  also  the  velocity 
pressure  of  the  flue  gases  was  determined  in  each  draft  outlet, 
altho  no  use  is  made  of  the  data  in  this  calculation. 

.'\t  intervals  of  one  hour,  starting  at  the  beginning  of  the 
test,  the  interior  temperatures  at  points  P',  P"  and  P^  (Fig.  i) 
were  noted,  and  at  the  conclusion  of  the  test  the  exterior  tem- 
peratures of  the  kiln  were  taken  at  S',  O,  Z)',  B'-,  C-.  D'-,  C 
and  D'\     B-'  was  inaccessible. 

These  exterior  temperatures  might  have  been  taken  more 
often  and  at  more  places  over  the  surface  of  the  kiln,  but  it  re- 
quired considerable  time  to  obtain  a  set  of  the  eight  readings 
as  indicated  above,  and  more  time  could  not  be  spared  from  other 
duties  during  the  test.  Also  the  exterior  of  the  kiln  is  rather 
ii  regular  in  shape,  with  numerous  local  variations  in  tempera- 
ture, so  that  anything  like  an  accurate  average  of  the  exterior 
temperature  of  the  kiln  could  be  obtained  only  by  taking  read- 
ings at  a  hundred  or  more  places. 

.\t  the  conclusion  of  the  test,  the  ashes  were  removed  from 
the  pits,  which  were  immediately  filled  with  water  to  the  orig- 
in.il  level  and  note  made  of  the  quantity  of  water  required. 
.Mso  the  ashes  were  sampled  at  once,  —  the  sample  weighed, 
then  dried  on  top  of  the  kiln  and  then  reweighed  to  determine 
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the  water  content.     'i"he  dried  ashes  were  (|uartered  and  a  smaller 
sample  retained  for  analysis. 

DATA  AND  CALCULATIONS 

Ultimate  .liialysis  of  Coal  I'luxDuatc  Analysis  of  Coal 

percent  percent 

1 1  ydrogen     5-22%       Moisture    i  .85% 

Carbon    76- 17          X'olatile  matter 37-43 

Nitrogen    i .  50          h'ixed    carbon 53-18 

Oxygen    7.65          Ash    7-54 

Sulfur    1 .92 

Ash    7.54 

100.00  100.00 

Calorific  value 7675  Cal. 

The  total  coal  fired  during  the  test  was  1937  lbs.  or  ^-~  kg. 
877  X  7675  =  6,730,975  large  calories  total  heat  possible  from 
coal  as  supplied. 

(i)  Proximate  .liialysis  of  Ash 

percent 

Moisture    0 .  1 5 

Volatile  matter i  .65 

Fixed  carbon    28.66 

Ash    69.54 

100.00 

877  X  7-54  percent  =  66.  i  kg.  pure  ash  in  coal 

66 . I  ,  ,  ,    , 

> =9S.i  kg.  ash  as  sam|)led 

.6954 

95. 1     X  28.66  percent  =  27.25  kg.  caibon  in  ash 
27.25  X    8.100  =  320. y 2-1  Cal.  lost  in  ash  from 

coal  supplied. 

220  725 

-; ^^— ^- X  100=3.27  percent  loss. 

6.730.975 
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(2) 

877  X  -7617  =  668  kg.  carbon  in  the  coal  supplied. 
668  —  -27.25  =  640.75  kg.  carbon  actually  consumed. 
The  gram-molecular  volume  of  gaseous  carbon  weighs 
12  gms. 

640,750  ^.  ,        ,  ,  r 

.  .     =  53.396  gram-molecular  \olumes  of  gaseous 

carbon  from  the  coal. 

The  average  of  the  analyses  of  combustion  gases  shows 
3.29  percent.     CO,  and  o.  16  percent  CO,  or  a  total  of  3.45 

percent  of  carbon  bearing  gases. 

.'.     -^-^ =1,547.710    gram-molecular    \olumes    or    total 

■0345 

volume  (at  0'"C)  of  the  dry  flue  gases  from 
the  coal  consumed   (and  excess  air). 

The  average  of  the  analyses  of  combustion  gases  was: 

CO^  3.29  percent 

Ol  16.67 

CO  0.16 

N2  79-88     ( liy  difference) 


Then 


•03^9X44=  1-45 
.  1667  X  32  =  5-33 
.0016  X  28=  0.045 
.7988X28  =  22.365 


29-19  gms.  =  weight  of  one  gram- 
molecular  volume  of  the  dry  flue  gases  at  0°  C.  and 
1,547,710  X  29. 19  =  45. 178  kg.  =  total  weight  of  dry  flue 
gases. 

The  average  temperature  of  the  atmosphere  was  26.2°C. 
And  the  average  temperature  of  the  flue  gases  was  I7I°C. 
The  mean  temperature  is  98.6°. 
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Using  the  formulae  given  below,  the  specific  heats  of 
the  constituent  gases  at  the  mean  temperature  will  be: 

CO.,.  .0.193 +i68  X  10"  t  =  0.2095 

O.,.  .0.213+  38  X  10"  t  =  0.2167 

N,  and  CO  .  .0.243  +    42  X  10"   i  =  0.2471 

Then  from  the  weight  composition  of  the  flue  gases, 
as  noted  above,  the  specihc  heat  of  these  gases  can  be  cal- 
culated as  follows : 

CO:....    1.45   -4-29.19=  .0497    X  .2095  =  .01041 

O:....    5.33    -^29.19=  .1828    X  .2167  =  .03961 
CO   ....    0.045-^29.19=  .0015| 

N,  ....  22.305  -^  29.19  =  .7660(  X  .2471  =  .18965 


29.19  0.23967  =  Sp.  heat  of  dry 

flue  gases  at 
the  mean  tem- 
perature. 

45,178  X  (171  —  26.2)  X  0.2397  =  1,568,039  Cal.  = 
heat  in  excess  of  atmospheric  temperature  leaving  the  kiln 
in  the  dry  flue  gases. 

1.S68.059  ^^  ^  ,   I 

~ ^^  X  100=-'?.?   percent  loss. 

6.730.975  "    " 

(3) 

Calculation    (2)    shows    i. 547.710   gram-molecular   volumes 

of  dry  flue  gases  (at  0°  C). 

1,547,710  X  .7988=1,236.311    gram-molecular   volumes   of 
nitrogen  in  the  flue  gases  (at  o'^C). 

1,236,311  ... 

=  1,560,997   gram-molecular   volumes    ot    drv    air 

.792 

drawn  into  the  kiln. 

1,560,997X22.3  c  A         ■      ,  ^or 

Then   =  34. 810  cu.  m.  of  drv  air  at  oC 

1000 

34.810  cu.  m.  of  dry  air  at  0°  C  1273  ::x  :  299.2 
X  =  38,151  cu.  m.  dry  air  at  26.2°C. 
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The  barometric  pressure  during  the  test  was  760  m.  m.  of 
mercury. 

The  vapor  pressure  of  completely  saturated  atmosphere  at 
2C.2^'C  is  25.5  m.  m.  of  mercury. 

The  average  relative  humidity  of  the  atmosphere  during 
the  test  was  33.8  percent. 

The  average  partial  pressure  of  the  atmosphere  due  to  the 
moisture  was  25.5  X  -SS^  or  8.48  m.  m.  of  mercury. 

760  —  8.48^751.52  m.  m.  partial  pressure  due  to  the  dry 
air 

760 

38,151  X =38.581    cu.    m.    of    moist    atmosphere    at 

751-52 

26.2^C. 

The  actual  humidity  of  the  atmosphere  corresponding  to  a 
relative  humidity  of  33.8  percent,  26.2"^  temperature  and  760  m. 
m.  barometric  pressure  is  8.18  gms.  water  vapor  per  cu.  m.  of 
atmosphere. 

•'•  38.581X8.18=315.7  kg.  water  vapor  entering  the 
kiln  with  the  dry  air.  This  water  vapor  was  raised  in  tempera- 
ture from  26.2°  to  i7i°C. 

The  specific  heat  of  water  \apor  at  the  mean  temjijerature 

324X98.6 

between   26.2^    and    171°  ^0.447+  ^0.48 

1 ,000,000 

Then  3i5.7X(T7i — 26.2)  X  0.48  =  ^1.942  Cal.  in  the 
moisture  of  the  atmosphere  passing  out  with  the  flue  gases. 

21.042 

X  loo^o.jj  percent  loss. 


6.730,97s 

(4) 

From  calculation  (i),  there  were  95.1  kg.  of  ash  in  the 
ash  pits  at  the  end  of  the  test. 

4-735  ^S-  of  tl^'s  wet  ash  weighed  after  being  dried  2.71  kg. 

.'.  4.735  12.71  : :  .X  :95.i,x=  166  kg.  ash  and  water  re- 
moved from  the  ash  pits,  and  166  —  95.1  =  70.9  kg.  water  re- 
moved with  the  ash  at  the  end  of  the  test. 
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It  ra|uired  2^^  kg.  water  to  fill  the  ash  pits  to  the  same 
level  as  when  the  test  started. 

.■.257  —  70.9=  186.  I  kg.  water  was  evaporated  from  the 
4  ash  pits  during  the  test. 

To  calculate  the  heat  used  in  evaporating  this  water  and 
also  that  which  was  carried  out  in  the  vapor  with  the  flue  gases, 
it  can  be  assumed  that  the  water  was  at  the  temperature  of  the 
atmosphere  when  introduced  and  that  the  evaporation  took  place 
at  100°  C. 

The  total  lieat  recpiired  can  then  he  summed  up  as  follows: 
Sensible  heat  of  water 

(26.2°  to   100":  186.1x73.8=13.734031. 

Latent  heat  of  vajjorization  :  i8fi.  i  x  537    =  99,936  Cal. 

To  raise  water  vajjor  from  100' 

to  171:  186. 1  X71    X  0491'        6.488  Cal. 

Total    I20.if,8  Cal. 

120.158 
6-730.975 

(5) 

I'rom  calculation  (6).  the  average  weight  of  dry  green  ware 
per  car  was  2754  kg. 

From  determinations  made  during  the  test,  the  average 
amount  of  mechanical  and  hygroscopic  water  in  the  ware  as 
Charged  into  the  kiln  was  4.5  percent. 

-7o-\  00      1  •   w  c 

2882    kg.  —  weight    per    car    of    green 


X  100=/. 70   (percent  loss. 


i.o—  .0455 


ware  as  charged. 

and  2882  —  2754=128  kg.  mechanical  and  hygroscopic  water 
l)er  car  or  128  X  3  "=  3i^4  k.?-  mechanical  and  hygroscopic  water 
driven  off  during  the  test. 


'  Specific    heat    of    water    vapor    at    the    mean    temperature    between    100° 

324  X  135.5 

171°  C.  =  0.447  + =  0.491. 

1,000,000 
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Assuming  the  ware  contained  i  percent  hygroscopic  water, 
there  would  be  (4.5  percent —  i  percent)  3.5  i>ercent  mechanical 
water. 

3.5 

and   X  384  =  298.7  kg.  mechanical   water  dri\en  off  dur- 

4-5 

ing  the  test. 

298.7  X  (100 — 26.2  =    22,044  cal.  sensible  heat 

in  water. 

298.7=   537  ^  160,402  cal.  latent  heat  of 

Vaporization. 

298.7  X  (171  —  100)  X  -491"   =    10,413  cal.  sensible  heat 

above  100°  C  in  \apor. 

Total  heat  in  mechanical  water  =  192,859  Cal. 

X  384^8^.3  kg.  hygroscopic  water  driven  off  during  the 

4-5 

test. 

Taking  the  mean  temperature  at  which  the  hygroscopic 
water  is  driven  off  as    200°  C. 

85.3  X  (200  —  26.2)    =  14.825  Cal.  sensible  heat  in  water. 
85.3X477^  =40,688    Cal.    latent    heat    of    va- 

porization. 

55,513   Cal.   total   heat. 

On  cooling  from  200°  to  171°  C.  the  following  heat  is  given 
up  by  the  water  vapor : 

85-3  X  29  X  .507'  =  1254  Cal. 

Then  55,513 —  1254=  54.259  Cal.  net  amount  of  heat  used 
in  evaporating  the  hygroscopic  water  during  the  test  and  passing 
out  with  same. 


=i  Specific  heat  of   water  vapor  at  the  mean   temperature   between    1U0°   and    171° 
C.      See   calculation    4. 

3  Latent  heat  of  water  vapor  at  200°  C.  from  formula  596  —  0.60  t   (Griffith). 
*  Specific    heat    of    water    vapor    at    the    mean    temperature    between    171°    and 
200°  C. 

324  X  185.5 

0.447  H =  .507. 

1,000,000 
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192,859  -f-  54.259  =  j-i/,iiS  Cal.  total  heat  chargeable  to  the 
niccliaiiical  and  hygrosco])ic  water. 

o4.  by     vx  100=  ?.(57  percent  loss. 
6.730.975 
(6) 

The  average  weight  of  ware  on  the  cars  charged  and  dis- 
charged during  the  test  was  2629  kg.  per  car  on  burned  basis. 

From  laboratory  determination,  the  content  of  chemical 
water  in  the  unburned  clav  was  4 -55  Jiercent. 

2629  ,  •   1  ,       f    J 

.  .      • ~ =  27S-4   Kg.,    weight    of    dry   green    ware 

I. o— .0455 

on  one   car   and 

2754  —  2629=  125  kg.  chemical  water  per  car 

or   125x3  =  375  kg.  chemical  water  driven  off  during 
the  test. 

I'Vom  determinations  made  by  llrown  and  .Montgomery.''  the 
temperature  of  the  maximum  rate  of  dehydration  of  fire  clays 
will  run  about  560'  C.  Taking  the  specific  heat  of  green  clay 
as  0.2, 

375  X  (560  —  26.2)  X  0.2  =  40,035  Cal.  sensible  heat  in  chem- 
ical water 
375  X  609°  =  228.375  Cal.  heat  of  dehydration 
375  X26i"^    97.875  Cal.  latent  heat  of  vaporization 
366.285  Cal.     Total. 

On  cooling  from  560^  to  171-  C,  the  following  heat  will  be 
given   up : 

375  X  389  X  o.ses"  =  82,419  Cab 


'Technical    Paper   No.   21,    Kureau   of    Standards. 

"Calculated    from   values   given   in    Richard's    "Metallureical    Calculations." 
'Latent   heat    of    water   vapor   at    560°    C.    from    formula  —  L  =  596.73  —  0.60  t 
(Griffith). 

'Specific    heat    of    water    vapor    at    the    mean    temperature    between    171°    and 
560°  C. 

324  X  365.5 

0.447  -i =  0.565. 

1,000,000 
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Then  366,285  —  82,4ig  =  ^S^.866  Cal.  net  amount  of  heat 

used  in  dehydrating  the  clay  and  passing  out  with  the  vaporized 

chemical  water. 

283,866 

7 — X  100  =  J. .^i"   percent   loss. 

6,730.975 

(7) 

From  calculation  (2),  the  weight  of  C(J  in  :  gram-molecular 
volume  of  dry  flue  gases  (at  0°C)  was  0.045  gms. 

Then,  as  there  were  1,547,710  gram-molecular  volumes  of 
dry  flue  gases  produced  during  the  test, 

1,547,710  X  0.045  "=69.65  kg.  CO  escaped  in  the  flue  gases. 

Taking  the  heat  of  combustion  of  CO  as  2436  Cal.  per  kg. 
of  CO,  69.65  X  2436^  /dp.dd/  Cal.  heat  represented  in  the  un- 
consumed  CO  in  the  flue  gases. 

160,667 

-i—  X  100  =  2.^2  percent   loss. 


ti,730.975 
(8) 

The  weight  of  ware  and  the  clay  structure  on  the  three  cars 
discharged  during  the  test,  together  with  the  average  temperature 
of  the  mass  on  each  car  was  as  follows : 

r  ,  \\'are 2827       kg. 

Car  No.   126  J    Structure   1073^  kg. 

[       Total. .  .  3900 .5  kg.  X  465  ■  8"  X  o .  23''  = 

417.877  Cal. 

r   Ware 2470       kg. 

Car  No.     10  J    Saructure   1073.5  ^g- 

\       Total. .  . 3543 •  5  kg-  X  441 . 8°  X  o. 27,  = 

360,069  Cal. 

[    Ware 2460       kg. 

Car  No.     38  J    Structure   1073 -5  '<g- 

[       Total. .  .  3533 . 5   kg.  X  456 .  8=  X  o .  23  = 

371,244  Cal. 


Total    1.149,190  Cal. 

of    burned    clay. 
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discharged  during  the  lest  in  ware  and  clay  in  car  structure. 

1,149,100 

7 —  X  100=//. 07    hcrcent  loss. 

6,730,97s 

(9) 

Jhe  average  weight  of  the  ironwork  in  the  car  structure  was 
404.5  kg.  This  with  the  average  temperature  of  the  ironwork 
in  each  car  at  the  time  of  discharging  from  kiln  and  the  latent 
heat  of  iron  (taken  as  0.12)  will  give  the  following: 

Car  No.  10  . .  404.5  X  110.8°  X  o.  12  =  5,378  Cal. 
Car  No.  126..  404.5  X  81 .8°  X  o.  12  =  3,971  Cal. 
Car  No.     38  .  .  404.5  X    83.8°  X  o.  12  =  4,068  Cal. 

Total 13,417  Cal. 

discharged  during  the  test  in  the  ironwork  of  the  cars. 

M,4i7 
-; — ^-^-^^—^ — X  100  ^0.2    percent    loss. 

6,730.975 

(ID) 

Kxlerior  temperature  readings  of  the  kiln  structure  were 
taken  on  the  sides  and  crown  at  three  different  places  throughout 
the  length  of  the  kiln. 

In  this  attempt  to  roughly  calculate  the  radiation  and  con- 
vection loss,  the  temperatures  at  B',  C  and  D',  were  considered 
as  being  the  average  from  the  charging  end  of  the  kiln  up  to  a 
point  half  way  between  where  these  temperatures  were  taken 
and  the  point  where  temperatures  B-,  C"  and  D=  were  taken. 
This  area,  indicated  in  Fig.  i,  is  designated  as  Zone  i.  Zones 
2  and  3  were  laid  out  in  a  similar  way. 

.\ssuming  that  the  average  temperature  of  the  two  sides  at 
H'  and  D^  is  the  average  temperature  of  the  side  walls  of  the 
kiln  throughout  Zone  i  and  that  the  temperature  at  C  is  the 
average  temperature  of  the  top  of  the  kiln  throughout  Zone  i, 
and  taking  the  mean  outside  width  of  the  kiln  as  10  ft.  and  the 
mean  height  of  the  kiln  above  the  ground  as  10  ft.,  the  average 
temperature  of  the  entire  exterior  of  the  kiln  can  be  approxi- 
mated : 
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Sides  .  .  i56o'sq.  f 

t.- 

-5910  = 

264  X 

61.5° 

=  16.23 

Top    .  .    780  sq.   f 

t. - 

-5910  = 

132  X 

103. 

=  1340 

Sides  .  .    820  sq.  f 

t. - 

-5910  = 

139  X 

75-5 

=  10.50 

Top    .  .    410  sq.   f 

t.- 

-5910  = 

069  X 

91. 

=    6.28 

Sides  .  .  1560  sq.   f 

t. - 

-5910  = 

264  X 

75- 

=  19.80 

Top    .  .     7S0  sq.   f 

t. - 

-5910  = 

132  X 

87. 

=  11.50 

Total..  .5910  sq.   f 

77-71° 

or  78°  =  Average  Temper 

I  til  re. 

5910  sq.  ft.  = 

549  sq.  m. 

Zone 
Zone 
Zone 


Radiation  and  convection  in  small  calories  per  sq.  metre  of 
surface  per  hour  =  ( 124. 72K)  (1.0077!)  ( 1.0077  T — 0'"  = 
920,000  small  Cal. 

549  X  920,000  =  505,000  large  Cal.  per  hour  and  505,000  X 
6  =  ^,0^0.000  Cal.  lost  by  radiation  and  convection  during  the  6 
hour  test. 

^;^-^ Xioo  =  Jt   percent  loss. 

'^.730-975 

In  addition  to  knowing  the  percentage  of  heat  leaving  the 
kiln  at  the  discharge  end,  it  would  also  be  interesting  to  know 
what  the  excess  heat  leaving  at  this  point  is  capable  of  doing  in 
drying  the  ware. 

The  average  temperature  of  the  discharged  clay  ware  dur- 
ing the  test  was  481°  C  and  the  ironwork  of  the  cars  119°  C. 

If  the  temperature  of  the  ware  and  the  clay  in  the  car  struc- 
ture could  have  been  reduced  to  say  100°  C  at  the  discharge  end 
and  also  the  temperature  of  the  car  ironwork  reduced  propor- 
tionately, the  heat  available  for  drying  purposes  would  have  been : 

10,978  kg.  X  381°  X  .23  =  962,000 
1,214         X    78    X  .12  =    11.363 


Total    973-363  Cal. 

If  the  ware  contained  20  percent  mechanical  water,   when 


molded 

there  would  be  {-"'-''i 
■    I      80 

water  represented  in  the  ware  produced  during  the  test. 


2754  [■  X  3  or  2064  kg.   mechanical 


>"  Pgclet.      K,    a    constant,    which    for    brick    is    3.6.      t    is    temperature    of 
rounding  atmosphere.     T   is   temperature  of  the   radiating  surface. 
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Assuming  a  drier  i)f  the  tunnel  type  in  which  the  mean  tem- 
]«'rature  of  evaporation  is,  say  65'  C.  with  atmospheric  temper- 
ature 20"C,  the  heat  necessary  to  dry  this  ware  will  be  ap- 
proximately : 

3  X  2754  X  (65  —  20)  Xo.2=        74,340   Cal.    sensible  heat 

in  clay 

2064  X  (65 — 20)  =        93.000   Cal.    sensible   heat 

in  water 

2064  X    561  =  1,159,000     Cal.     latent     heat 

of   vaporization 
Total    1,326,340  Cal. 

If  the  vapor  cools  from  65°  to  45^'  C  before  emerging  from 
tl'.e  drier,  the  heat  given  back  (or  left  in  the  drier)  will  be: 

2064  X  (65—45)  X  .465"  =  19-195  Cal. 

Then  1.326,340 —  19,195  =  1,307,145  Cal.  Total  heat  neces- 
sary to  dry.  at  a  drier  cfficicncv  of  100  percent. 

If  the  tunnel  drier  were  working  at  an  efificiency  of  67  per- 
cent, /'.  ('.  a  total  heat  requirement  of  1,946,726  Cal.,  this  heat 
from  the  discharge  end  of  the  kiln  alone  would  be  about  one- 
half  enough  to  dry  completely  the  amount  of  ware  discharged 
during  the  test. 

The  average  excess  of  air  leaving  the  kiln  in  the  flue  gases 
during  the  test  was  352  percent  and  accounts  in  a  large  measure 
for  their  comparatively  low  average  temperature  of  171° C. 

If  it  were  possible  to  operate  the  kiln  with  only  100  percent 
excess  of  air,  —  the  temperature  of  the  gases  remaining  the 
same,  —  there  would  have  been  a  saving  in  the  dry  excess  air  of 

^^X  i.=;6o,997  X  28.83'=  X(i7i  —  26.2)  X  .24  =  873.000  Cal. 

45- 

2^2 

To  this  should  be  added  -^^    of  the  heat  calculated  under 

452 


1,000.000 
'Weight  of   one  gram-molecular  volume  of  dr 
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(3)  as  passing  out  of  the  kiln  in  the  moisture  of  the  excess  air 
with  the  flue  gases. 

t.  e.  -^^^  X  21.942  =  12.220  Cal. 

452 

Therefore,  it  would  seem  that  the  sum,  —  885,220  Cal.  or 
13.3  percent  of  the  fuel  could  have  been  saved,  if  the  excess  air 
had  been  reduced  to  100  percent. 

However,  if  the  greater  part  of  this  excess  air  comes  thru 
the  combustion  zone  of  the  kiln,  a  lowering  of  the  amount  would 
result  in  a  slower  velocity,  a  larger  extraction  of  the  heat  and 
therefore  a  lowering  of  the  stack  temperature,  which  would 
hardly  seem  permissible. 

On  the  other  hand,  if  a  large  part  of  this  excess  air  enters 
(as  seems  very  probable)  at  the  charging  end  of  the  kiln,  par- 
ticularly around  the  car  moving  mechanism,  a  reduction  of  the 
amount  of  air  leakage,  would  result  in  a  higher  stack  temperature, 
but  would  show  no  saving  in  fuel. 

Some  idea  may  be  gained  of  the  source  of  this  excess  air  by 
allowing,  say  100  percent  excess  thru  the  grates  and  adding  the 
amount  of  air  necessary  to  cool  the  ware  and  cars  between  the 
combustion  zone  and  the  discharge  end  of  the  kiln. 

Assume  that  the  temperature  of  the  ware  after  passing  thru 
the  combustion  zone  were  1350^  C  and  that  it  cooled  to  an  average 
of  481  ^C  at  the  discharge  end. 

After  a  deduction  of  sav  40  percent  for  radiation  loss,  the 
amount  of  heat  to  be  carried  back  towards  the  combustion  zone 
during  the  test  would  have  been 

10,978  kg.  X  (1350° — 481°)  X  0.23  X  0.6  ^=  1,315.000    Cal. 

If.  during  this  cooling  of  the  ware  and  cars,  the  air  passing 
ill  at  the  discharge  end  of  the  kiln,  were  raised  in  temperature 
from  that  of  the  atmosphere  (26.2°C)  to  say  iooo°C  by  the  time 
it  reached  the  combustion  zone,  the  amount  of  the  air'^  necessary 
to  carry  this  heat  would  have  been 


"  Tn    this    calculation    the    moisture    in    the    air    has    been    neglected, 
heat    carried    out    by    it    at    the    stack    temperature    would    be    only    a    little 
percent  of  the  heat  carried  out  by  the  accompanying  dry  air. 
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T/tANS  Am  Csfi  5oc  ^ol  J(/X 


SAfCND/Tu^as  Af-to  tosses 
S2tX\  U/KonscfTtK/ combusftd^  marfmn as/y p/fs. 

\<fe/}y£/rff/t>jipc^ya/?^f/io//{psf/ni//?cof?s(//?te^cafr0c/sff^ 
•^50%\  ^a<f'anon  a/^  co^¥Vcf/ai7  kisses 


e3.30%  Ltaf/zf^  A///t  m  <^  coml>u5fj(y>  gases  a/H/efry  t 


Lta^mg  M/j  //?  /no/s/i/rv  ei^aporzfA^c/  fi-7?m  ers/t  p/fs 


s  mra/^ifair  nn^j//^<f 


f707^  ttsf/rtg  Ar//r ff7 6(/me<^ t9vgng  a^£/ay  t>f  car s/rt/cA/rr 
030m  Lffunv^jg  ff//n  m  frvrttrorff  of  Car  sfrt/cft/rv 
\*SCCm  7?a^»^fo^  4f^^  cov7ywcf/iyr  /oss 
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xX  1000° — 26.2°)  X  o.2j^*  =  1,315,000  Cal. 
X  ^  4.900  kg.  dry  air. 


4,900,000 


28.83 

o°c. 

170,000  X  23.3 


170.00  gram-molecular  volumes   of   drv   air  at 


3790  cu.  m.  dry  air  at  0°C. 


From  calculation  (3),  the  total  volume  of  dry  air  entering 
the  kiln  (reduced  to  0°C)  was  34.810  cu.  m.  representing  452 
percent. 

Therefore   ^7uo  cu.   ni.   represents  -^^ —  X  4S2  percent   or 
"^-  34.810  ' 

49.2  percent  air,  which,  together  with  the  200  percent  passing 
through  the  grates  would  make  249  percent  passing  through 
the  combustion  zone  of  the  kiln  and  indicate  that  452  percent  — 
249  percent  or  203  percent  of  air  was  leaking  in  at  the  charg- 
ing end  of  the  kiln,  diluting  and  lowering  the  temperature  of 
the  flue  gases. 

It  will  be  noted  that  there  is  an  expenditure  of  1.79  percent 
of  the  total  heat  in  evaporating  water  from  the  ash  pits  and  the 
justification  of  the  use  of  this  water  may  be  c|uestioned. 

The  vapor  from  this  water  in  passing  thru  the  grates  elim- 
inates an  ecjuivalent  volume  of  air,  which  would  otherwise  pass 
thru.  This  water  vapor  carries  out  of  the  kiln  about  one-third 
more  heat  than  the  same  volume  of  air  would  carry  but  as  the 
amount  of  heat  involved  is  small,  the  loss  directly  chargeable  to 
the  water  over  and  above  the  loss  in  the  same  volume  of  air 
would  be  an  almost  negligible  quantity. 

Furthermore,  from  the  practical  standpoint,  the  grates  are 
kept  cooler  and  there  is  less  tendency  for  clinkers  to  form  on  the 
grate  bars.  Elimination  of  this  trouble  undoubtedlv  justifies  the 
heat  loss  incident  to  the  use  of  this  water. 

The  radiation  loss,  stated  in  percentage  of  total  heat  evolved, 
seems  surprisingly  large,  but  when  it  is  taken  into  account  that 
the  weight  of  coal  used  in  proportion  to  the  weight  of  ware  pro- 


^  Specific   heat   of  dry  air  at  the  mean  temperature  between   1000"  and  26. 
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duced  is  small,  the  actual  loss  through  radiation  is  not  such  a 
large  item. 

The  explanation  of  the  seemingly  high  percentage  loss  by 
radiation  lies  in  the  fact  that  the  ware  is  not  massed  but  is 
strung  out  in  a  long  slender  line,  and  therefore  the  amount  of 
exterior  kiln  surface  per  unit  weight  of  ware  is  much  larger 
than  in  the  case  of  a  periodic  kiln. 

At  the  time  of  the  test  the  kiln  was  operating  with  a  capacity 
of   lo  //ID  thousand  standard  tire  brick  per  24  hours. 

The  weight  of  coal  supplied  compared  with  the  average  of 
the  weights  of  ware  charged  and  discharged  during  the  test, 
shows  a  fuel  consumption  of  11.15  percent,  or  per  thousand 
standard  fire  brick  —  725  lbs.  of  coal. 

In  conclusion,  it  should  l)e  stated  that  the  test  was  un- 
doubtedly of  too  short  duration  to  give  aljsolutely  reliable  data 
on  the  average  performance  of  the  kiln.  A  test  of  this  kind 
should  properly  be  carried  on  cfintinuously  for  a  period  of  from 
one  week  to  ten  days. 

DISCUSSION 

Afr.  Jf'asliburn  :  In  addition  to  the  heat  rer|uired  for  the 
evaporation  of  the  water  from  the  ware,  a  certain  ainount  is  in- 
volved in  the  other  physical  and  chemical  changes  which  take 
place  at  high  temperatures,  and  I  would  like  to  ask  under  which 
one  of  the  items  this  heat  would  be  found? 

Mr.  JIarrop  :  That  point  was  taken  into  consideration,  but  so 
far  as  we  knew,  there  is  no  reliable  information,  and  no  definite 
way  that  we  could  get  at  it.  Of  course  we  know  that  there  is 
heat  gi\en  up  by  the  decompositon  of  certain  minerals  and  that 
there  is  heat  required  in  the  formation  of  certain  new  com- 
pounds but  the  net  difference  was  believed  to  be  such  a  com- 
parati\ely  small  item  that  it  could  lie  neglected  in  such  a  test  as 
this. 

DISCUSSION  CONTRIBUTED  AFTER  READING  THE  PAPER 

Mr.  Lovejoy :    This  work  of  Prof.  Harrop  is  in  an  important 

field  of  the  ceramic  industries,  —  the  most  important  because  it 

invol\-es  the  greatest  item  of  cost  of  the  product  and  the  success 
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of  any  ceramic  industry  depends  largely  upon  the  results  and 
economy  of  the  burning. 

Bleininger's  tests  of  "Four  Industrial  Kilns"  several  years 
ago  gave  us  some  definite  information  and  the  clay  workers'  ap- 
preciation of  this  work  is  evidenced  by  the  frequent  quotations 
of  the  data  presented.  It  led  to  several  tests  of  individual  opera- 
tions, and  a  continuation  of  the  work  will  eventually  lead  to  wide 
spread  individual  tests  with  their  attendant  beneficial  results.  It 
will  enable  us  to  intelligently  compare  different  types  of  kilns,  and 
to  select  the  best  of  any  particular  purpose. 

Although  the  test  in  question  lasted  but  six  hours  it  pointed 
out  the  loss  in  heat  from  the  cooling  ware  after  leaving  the  kiln, 
—  a  loss  equal  to  one  half  the  fuel  cost  of  drying  the  ware.  We 
usually  reckon  that  the  drying  requirement  is  lOO  pounds  of  coal 
per  ton  of  ware,  and  there  is  a  possible  saving  of  50  pounds  per 
ton  in  the  operation  in  question.  The  capacity  of  the  two  kilns  on 
the  yard  where  the  test  was  made  is  about  70  tons  per  day,  and 
the  recovery  of  this  waste  heat  means  a  saving  of  1%  tons  of 
coal  per  day,  —  a  saving  not  to  be  despised.  The  large  excess  air 
content  gives  opportunity  for  further  fuel  reduction,  and  if  the 
operators  take  heed  of  the  results  of  the  test  they  can  eflfect  a 
material  economy  in  the  fuel. 

I  cannot  agree  with  Prof.  Harrop  that  there  is  no  fuel  loss 
if  the  air  enters  through  the  charging  door.  Any  fuel  that  can 
be  saved  becomes  a  loss  if  it  is  not  saved.  The  excess  air.  whether 
it  comes  through  the  combustion  zone  or  the  charging  door,  re- 
quires heat  which  might  be  put  to  some  useful  purpose.  The 
stack  intensity  would  be  increased  by  the  higher  temperature 
available  if  there  were  no  excess  air  and  would  be  further  in- 
creased by  the  decreased  volume  of  gases  to  be  moved.  This 
would  serve  to  increase  the  rate  of  combustion  and  in  conse- 
quence the  rate  of  progress  through  the  kiln.  Although  the  two 
might  balance  and  the  fuel  consumption  per  ton  of  ware  remain 
the  same,  yet  the  ware  would  leave  the  kiln  at  a  higher  tempera* 
ture  and  the  heat  would  be  useful  for  drying  purposes.  If  this 
were  not  practical,  the  kiln,  at  least  in  a  new  installation,  could  be 
made  longer  and  the  heat  now  used  in  heating  and  moving  a  dead 
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load  of  air  could  Ik-  apijlii-d  to  the  ware  with  a  direct  saving  in  the 
fuel   requirement. 

Prof,  llarrop  expresses  the  doubt,  whether,  if  the  excess 
air  was  eliminated,  assuming  that  it  comes  through  the  com- 
bustion zone,  there  might  not  be  danger  of  reducing  the 
chimney  temperature  below  a  permissible  degree  in  consequence 
of  the  decreased  volume  of  gases  and  the  slower  movement 
through  the  kiln. 

It  may  be  mentioned  that, — 

(i)  The  smaller  volume  would  have  a  higher  initial  tem- 
perature and  correspondingly  greater  heat  value  to  offset  the 
slower  movement. 

(2)  Carbon-dioxide  has  an  average  higher  thermal  ca- 
pacity than  air,  and  the  movement  could  be  reduced  propor- 
tionately without  effect  on  the  relative  temperature. 

(3)  The  heat  required  for  the  excess  air  would  be  avail- 
able to  maintain  the  temperature  requisite  for  draft. 

If,  with  these  gains,  the  temperature  becomes  too  low  to 
maintain  the  proper  draft,  the  kiln  should  be  shortened  and 
not  loaded  with  excess  air  to  maintain  a  faulty  kiln  condition. 

I  mentioned  the  possible  need  of  lengthening  the  kiln,  and 
now  propose  to  shorten  it,  to  overcome  a  loss.  The  kiln  as  it 
stands  may  be  the  mean  between  a  needed  longer  kiln  and  a  re- 
quired shorter  one,  but  whatever  the  proper  length  the  loss  due 
to  excess  air  should  be  materially  eliminated. 

I  do  not  find  that  Prof.  Harrop  has  included  in  his  calcula- 
tions the  moisture  from  the  coal  nor  the  much  larger  volume 
of  moisture  which  would  be  developed  from  the  hydrogen. 
This  1  figure  to  be  .48  percent.  No  account  is  taken  of  the 
sulphur  in  the  coal,  and  Prof,  Harrop  has  called  my  attention 
to  another  small  omission ;  namely,  that  the  nitrogen  in  the  coal 
should  have  been  deducted  from  the  total  nitrogen  from  which 
the  air  is  determined.  These  are  all  small  items  and  do  not 
materially  aft'ect  the  final  results. 

I  object  to  the  use  of  a  formula  for  the  radiation  losses. 
Prof.  TTarro])  and  I  have  discussed  this  formula  question  and  I 
think  we  agree  thai  very  little  reliance  could  be  placed  on  any 
formula  for  sucli  \\i(lel\-  \arying  conditions  as  prevail  in  kiln 
radiation  losses.     All  of  us  who  have  occasion  to  use  such  for- 
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niulas,  are  guilty  of  selecting  that  which  most  nearly  checks  our 
results  or  confirms  our  conclusions.  The  formula  in  question, 
which  is  from  good  authority,  checks  up  the  loss  by  difiference 
within  one  percent,  but  this  is  merely  a  coincident,  and  if  Prof. 
Harrop  had  made  a  suitable  allowance  for  the  heat  conducted 
into  the  ground  from  the  kiln  walls,  he  probably  would  not 
have  used  this  particular  formula.  —  probably  no  formula 
whatever,  —  but  would  have  given  the  radiation  loss  by  dif- 
ference. The  use  of  the  formula  establishes  a  precedent,  and  it 
should  apply  to  all  kiln  radiation  loss  determinations  which  it 
likelv  will  not  do.  If  subsequent  test  show  that  it  does  check 
up  the  loss  by  difference  within  a  reasonable  degree,  then  I 
am  wrong,  and  the  formula  should  become  a  part  of  our  kiln 
heat  determinations,  and  could  be  used  independent  of  the  other 
factors  in  the  test. 

I'orty-five  percent  radiation  loss  seems  a  large  item,  but  it 
undoubtedly  is  very  near  the  truth.  In  pounds  of  coal  (93 
pounds)  per  ton  of  ware  it  does  not  look  so  large. 

Bleininger's  tests  gave  54.9  percent  radiation  and  kiln  wall 
absorption  loss  for  a  paving  brick  periodic  kiln  and  49.61  per- 
cent for  a  sewer  brick  kiln,  and  the  weights  of  coal  per  ton  of 
ware  were  329  pounds  and  232  pounds  respectively.  The  tem- 
peratures of  the  periodic  kilns  were  very  low  compared  with  that 
of  the  kiln  in  question,  and  higher  temperatures  would  have 
materially  increased  the  radiation  losses. 

A  test,  or  a  calculation,  of  a  German  continuous  kiln  some 
years  ago  gave  the  radiation  loss  as  32  percent. 

Alexandre    Bigot,    in    \'ol.    X\'.    Trans.    English    Ceramic 
Society  gave  data  for  three  types  of  kilns.  —  the  Dressier,  the 
Hoffman,  and  a  periodic  kiln,  which  reduced  to   100  percent  is 
as  follows :  — 
Dressier  kiln,  — 

Chimney   loss    S. 3  percent. 

Evap.  of  water 8.5 

Firing  the  ware 49-6 

Supports  and  trucks 19.  i 

Gasification  and  radiation  loss 5.4 

In  cooling  ware 9.1 

100. o 
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I-loffman  kiln,  — 
Cliimiiev  loss 


Evaporalion  of  water 3 

Firing  the  ware 22 

Excess  air   34 

Heat  in  the  walls 25 

Radiation    6 


9  percent. 

8 

9 

4 


Periodic  kiln,  — 

Chinmey    loss    42. 1   percent. 

Chemical    water    2.5 

Firing  the  ware 15.0 

Excess  air 34-4 

Loss  through  ground  and  air 9.0 

To   heat    walls 20.  i 

100. o 

Unfortunately  Rigot  does  not  tell  us  how  the  data  was  ob- 
tained, and  a  study  of  it  leads  one  to  the  conclusion  that  it  may 
be  partly  compilation  from  actual  tests  and  partly  assumption, 
and  comparatively  of  little  value.  There  is  too  much  of  this 
kind  of  questionable  data. 

It  seems  to  me  that  it  would  he  a  good  plan  to  adopt  some 
standard  for  the  summation  of  ihe  results  of  the  tests  in  order 
to  compare  them  with  other  results.  The  average  clay  worker 
is  not  interested  in  the  details  of  the  test  but  desires  to  see  the 
results  ill  a  form  which  he  can  readily  understand  and  ap])reciate. 

1   would  suggest, — 

Chimney  losses. 

Carbon  in  the  ash. 

Firing  the  ware  including  evaporation  and  dissociation. 

E.xcess  air. 

Radiation  including  ground  and  kiln  absorption. 

Kiln  trucks  and  supports. 

Producer  losses. 

Temperature. 

Duration  of  the  burning  period. 

Heat  value  of  the  coal. 
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A  kiln  heat  balance  is  a  diiificult  problem  involving,  as  it 
does,  numerous  factors  and  largely  dependent  on  gas  analyses, 
which  at  best  are  only  approximations  of  the  actual  composition 
of  the  gas.  The  firing  operations  are  intermittent,  and  the  com- 
position of  the  gas  varies  from  minute  to  minute.  The  samples 
of  gas  are  taken  at  intervals,  and  to  get  any  reliable  average  a 
great  many  samples  must  be  taken  which  could  not  be  done  in 
this  test.  A  continuous  sampling  equipment  should  be  developed 
for  the  work  and  each  sample  then  would  cover  the  full  jjeriod 
between  the  successive  analyses.  The  total  error  in  a  test  ot 
this  kind  may  exceed  lo  percent  and  the  final  tabulation  should 
collect  the  results  under  a  few  general  heads  in  which  the  per- 
missible errors  will  tend  to  balance  each  otlier. 

The  car  tunnel  kiln  has  been  on  the  way  for  many  years 
hut  up  to  the  present  time  only  three  so  far  as  I  know  have 
met  with  any  promise  of  success  in  this  country  ;  namely,  the 
Faugeron  kiln  in  question,  the  Dressier  kiln,  and  one  other  still 
ill  the  experimental  stage.  We  know  too  little  about  them  to 
judge  of  their  merits  in  comparison  with  other  types  of  con- 
tinuous kilns,  and  it  is  to  be  hoped  that  the  work  of  testing 
the  kilns  will  be  continued  until  sufficient  data  has  been  collected 
for  comparison.  Following  that,  or  meanwhile,  the  clay  workers 
will  be  studying  the  kilns  to  determine  their  mechanical  titness 
for  the  several  lines  of  wares. 

The  fuel  consumption  as  given  by  the  test  is  725  pounds 
of  coal  per  thousand  fire  bricks  or  207  pounds  per  ton  of  ware, 
and  the  temperature  attained  is  said  to  be  cone  14.  It  is  to  be 
regretted  that  the  temperature  was  not  actually  determined.  I 
determined  by  calculation,  assuming  that  all  the  air  came  through 
the  combustion  zone  and  attained  a  temperature  of  1000  degrees 
C,  that  it  would  be  barely  possible  to  get  a  flame  temperature 
of  cone  14.  I  made  no  allowance  for  radiation  losses  which 
would  lower  the  possible  temperature,  but  on  the  other  hand 
the  air  may  attain  a  higher  temperature  than  1000  degrees  and 
undoubtedly  only  part  of  the  air  comes  through  the  combustion 
zone,  which  would  make  a  still  higher  temperature  possible.  I 
made  this  calculation  because  high  temperatures  are  frequently 
claimed  which  cannot  be  substantiated  bv  the  facts,  and  I  think 
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we  should  check  uj)  such  claims  as  far  as  j^jsaible  rather  than 
put  our  stamp  of  approval  upon  llicm  l)y  failure  to  question 
them. 

The-  ring  and  chambered  continuous  kilns  largely  used  in 
this  country,  so  far  as  I  know  do  not  burn  wares  to  as  high  a 
temperature  as  cone  14  and  direct  comparison  of  the  fuel  con- 
sumption cannot  be  made,  but  judging  from  the  fuel  used  for 
lower  temperatures,  the  consumption  in  the  kiln  in  question  is 
not  remarkable. 

Compared  with  periodic  kilns  where  at  least  three  times 
the  (piantity  of  fuel  given  would  be  required  per  ton  of  similar 
ware,  the  showing  is  an  excellent  one. 

We  know  that  the  periodic  kiln  is  wasteful  in  fuel,  and 
only  its  adaptability  to  a  wide  range  of  ware  maintains  its  strong 
hold  in  the  ceramic  industries. 

The  F"augeron  kiln  nnist  meet  the  competition  of  other  types 
of  continuous  kilns,  and  its  extended  use  will  depend  upon  other 
features  than  the  fuel  consumi)tion,  —  such  as  initial  cost,  labor 
to  operate,  upkeep,  results. 

'i"he  kiln  as  constructed  and  operated  for  the  ware  in 
cpiestion  would  not  be  adapted  to  a  number  of  clay  products. 
Twchc  cars  per  24  hours  are  taken  from  the  kiln,  and  since 
the  burning  zone  is  19  car  lengths  from  the  charging  end, 
the  water-smoking,  oxidation,  and  heating  up  to  the  maximum 
temperature  must  be  done  within  a  period  of  38  hours.  This 
would  be  too  short  a  period  for  many  dry-pressed  bricks  and 
a  number  of  carbonaceous  clay  products.  Undoubtedly  the 
kiln  could  be  built  longer  or  operated  at  a  slower  rate,  to  give 
the  necessary  time. 

As  I  understand  the  operatfon  of  the  kiln  the  ware  must 
be  set  to  closely  conform  to  the  restricted  sections  of  the  tunnel. 
This  would  be  a  difficult  problem  in  drain  tile  ranging  from  4 
inch  to  24  inch,  but  this  could  be  overcome  by  the  use  of  a 
special  diaphragm  car  as  in  the  Drayton  kiln,  and  I  think  one 
other.  The  small  sizes  of  tile  would  have  to  be  set  staggered  and 
in  outline  would  be  the  frustrum  of  a  pryamid,  in  order  to  have 
any  degree  of  stability,  and  the  cars  would  have  to  be  carefully 
handled   to   prevent    to])]iling   of   the   ware.     I-arge   sizes   would 
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have   to  be    set   one   above  ihe    other   in   order   to   prevent    kiln 
marking  and  cracking. 

These  difficulties  and  others  occnr  to  me  and  I  present  tliem 
interrogatively.  No  doubt  the  representatives  of  the  Iciln  have 
devised  ways  of  adapting  the  kiln  to  a  wide  range  of  wares., 
and  the  clay  workers  of  the  country  would  appreciate  a  general 
presentation  of  the  possibilities  of. the  kiln. 

Some  features  of  the  car  tunnel  kiln  are  appealing  which 
accounts  for  the  several  attempts  to  develop  a  satisfactory  kiln. 
It  is  centrally  fired  and  the  kiln  in  question  direct  coal  fired 
which  brings  the  firing  operation  to  one  or  two  points.  Since 
the  intense  heat  zone  is  in  a  short  section  -of  the  kiln  it  may 
be  built  of  the  best  quality  of  fire  bricks  without  excessive  cost. 
The  relatively  low  walls  and  narrow  crown  insure  a  stability 
which  is  not  possible  in  the  other  ty|:)es  of  continuous  kilns. 

Un  the  other  hand  it  must  be  operated  continuously,  day, 
night  and  holidays,  in  greater  degree  than  other  types  of  con- 
tinuous kilns.  The  chambered  continuous  kiln  is  intermittent 
approximately  in  48  hour  periods  while  tlie  regular  operation 
of  this  kiln  is  two  hour  periods.  Each  period  can  of  course 
be  extended  to  cover  unaxoidalile  delays  but  the  extension  would 
be  proportional  to  the  regular  operation. 

I  have  wandered  from  the  question.  —  a  discussion  of  Prof.  . 
Harrop's  test,  but  his  aliility  and  well  known  thoroughness   in 
whatever  he  undertakes  does  not  give  one  much  opportunitv  to 
present  a  different  view. 

I  hope  this  is  only  the  beginning  of  such  work  and  that 
it  will  continue  until  all  types  of  kilns  ha\e  lieen  tested.  We 
will  then  be  in  a  [losition  to  determine  the  fuel  merits  of  the 
several  kilns  and  it  will  be  up  to  the  kiln  ])eople  to  pro\e  to  us 
the  mechanical  merits  and  the  adaptability. 

To  avoid  confusion  I  think  the  title  of  the  paper  should  be 
changed,  and  the  Society  should  adopt  titles  to  distinguish  the 
several  types  of  continuous  kilns.  The  chambered  (or  compart- 
ment), kiln,  the  ring  kiln,  the  zig-zag  kiln,  and  the  tunnel  kiln 
are  the  German  designations  which  leaves  no  one  in  doubt  as 
to  the  type  of  kiln  when  the  proper  name  is  applied.  Since  the 
ring  kiln  is  not  built  in  a  ring  in  this  country  and  the  name  of 
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tunnel    kiln   is  j^LMicrally   iisc(l   in   designate   it.   we   might   adopt 
the  terms,  —  chambered  kiln,  tunnel  kiln,  and  car  tunnel  kiln. 

Mr.  Staley :  The  presentation  of  the  data  by  the  author  is, 
in  the  main,  admirable.  I  wish  to  call  attention  to  a  couple  of 
minor  points  in  the  calculations.  The  calculation  of  the  amount 
of  heat  used  in  evaporating  water  and  carried  out  the  stack  by 
the  steam  generated  is  unnecessarily  complicated.  In  brief, 
the  authors  method  of  calculation  consists  of  the  following 
steps :  — 

(i).  Calculation  of  heat  necessary  to  raise  water  to  an 
assumed  temperature  of  vaporization. 

(2).     Calculation  of   latent  heat  of   vaporization   of   water- 
at  the  assumed  temperature. 

(3).  Calculation  of  amnimt  of  heat  used  in  vaporizing  the 
water. 

(4).  Calculation  of  si>ecific  heat  of  steam  for  the  tempera- 
ture interval  through  which  it  is  to  be  heated  or  cooled. 

(5).  Calculation  of  amount  of  heat  used  in  heating  the 
vapor  or  given  off  by  the  vapor  in  passing  through  the  given  tem- 
perature interval. 

For  the  water  in  the  ash  pit  and  mechanical  water  in  the 
ware,  he  assumed  a  temperature  of  vaporization  of  lOO^C. ;  for 
the  hygroscopic  water  in  the  ware,  a  vaporization  temperature  of 
200°  C;  for  the  chemically  combined  water,  a  temperature  of 
56d°C.  Thus  steps  i.  2  and  4  had  to  be  calculated  three  times 
and  stejjs  3  and  5  four  times. 

It  is  a  fundamental  i)rincij)Ic  of  thermodynamics,  that  the 
amount  of  heat  involved  in  transforming  a  given  mass  of  a  sub- 
stance from  a  given  state  and  temperature  to  another  given  state 
and  temperature,  is  always  the  same  no  difference  what  the  in- 
tervening steps  may  be.  To  be  concrete,  for  every  kilogram  of 
free  water  entering  the  kiln  at  26.2°C.  and  leaving  as  vapor  at 
171  °C.  a  certain  fixed  amount  of  heat  is  consumed,  no  difference 
whether  the  water  is  vaporized  at  loo^C,  and  the  vapor  heated 
at  171 'C.  or  whether  the  water  is  evaporated  at  200'C.  or 
56o°C.  and  the  vapor  cooled  to  i7i^C.  Furthermore  the  same 
amount  of  heat  would  be  used  if  the  water  were  heated  to  I7I°C. 
and  vajnirizcd  at  that  temperature. 
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By  assuming  that  all  four  of  these  classes  of  water  were 
vaporized  at  171  ^C,  the  exit  temperature  of  the  vapor,  it  is  pos- 
sible to  eleminate  the  authors  steps  4  and  5  altogether,  to  per- 
form step  2  once,  instead  of  three  times,  and  to  combine  steps  i 
and  3  into  one  operation. 

Using  the  author's  formula,  the  latent  heat  of  \aporization 
of  water  at  171°  is  derived  as  follows:  — 

L  =  596.73  —  0.60  X  17 1  =  494-13  Cal. 

The  sensible  heat  of  water  heated  from  26.2^C.  to  i7i"C.  is 
171-26.2  =  144.8  Cal. 

494. 13  +  144.8^  639  rt  Calories    for   heating   and    vapor- 
izing I  kilogram  of  free  water. 
Then 

186. 1  X  639=  118,918  Cal.  heat  for  water  in  ash  pits. 

298.7  X  639=  190,869  Cal.  heat  for  mechanical  water. 
85.3  X  639=    54,507  Cal.  heat  for  hydroscopic  water. 

These  values  are  a  little  lower  than  those  of  Professor  Har- 
rop,  probably  due  to  the  use  of  a  value  for  specific  heat  of  steam 
in  his  calculations  that  differed  from  the  one  used  in  deriving  the 
formula  for  latent  heat  of  vaporization  taken   from  Grififith. 

The  thermo-chemical  data  given  in  the  tables  of  Richard's 
"Metallurgical  Calculations"  are  for  reactions  beginning  and  end- 
ing at  15" C'.  To  the  heat  of  dehydration  obtained  from  this 
data,  must  be  added  the  heat  necessary  to  convert  the  water  at 
15"  C.  to  vapor  at  171  "C. 

If  we  assume  as  before  that  the  vaporization  takes  place  at 
I7I^C..  the  sensible  heat  necessary  to  raise  the  water  from  I5°C. 
to  i7i^C  will  be  171-15  =  156  Calories  per  kilogram.  From  this 
we  may  subtract  the  heat  given  ofT  by  the  chemical  combined 
water  in  solid  form  in  cooling  from  26.2°C.  to  15°.  Taking  a 
specific  heat  of  0.2  this  gives  us  0.2  (26.2— 15)  =4. 4  Calories 
and  156  —  4-4^  151-6  Calories  per  kilogram  to  be  supplied  for 
sensible  heat. 

We  have  already  determined  that  the  latent  heat  of  vaporiza- 
tion of  water  at  i7i°C.  is  494.13  Cal.  By  reference  to  Richards 
text  we  find  that  the  authors  figure  609  Calories  is  correct  for 

^  See    page    15.    second   edition,    of   Richards   text. 
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the  heat  of  dehydration  of  kaolin  for  the  reaction  beginning  and 
ending  at   15"C. 

We  have  then  :  — 

375  X  609  =  228,375  Ca!.  heat     of     dehydra- 

tion. 

375  X  (494- 13+  151-6)  =242.149  Cal.  .sensible  and  latent 

heat  of  water. 


470,524  Cal.  total    heat    for 
chemical   water. 

It  would  be  possible  by  a  complicated  calculation  to  de- 
termine the  actual  heat  of  dehydration  of  kaolin  starting  with 
the  clay  at  560°  and  ending  with  the  products  at  the  same  tem- 
perature. This  value  would  be  much  higher  than  609  Calories 
per  kilogram  of  water,  and  the  final  value  for  the  total  amount 
of  heat  used  for  chemical  water  would  be  approximately  as  I 
have  calculated  it   above. 

HALZ  DISCUSSION. 

Mr.  Bah:  1  have  read  with  a  great  deal  of  interest 
Professor  Harrop's  pajjer  on  the  "Heat  Balance  of  the  Con- 
tinuous Tunnel  Kiln,"  and  am  of  the  opinion  that  the  results 
should  be  of  great  interest  to  the  Society,  especially  as  the 
various  data  were  determined  in  a  very  careful  manner.  My 
association  with  the  company,  at  whose  works  the  tunnel  kiln 
tested  by  Professor  Harrop  is  in  operation,  gave  me  an  oppor- 
tunity of  following  the  Professor's  work  in  considerable  detail. 
•  It  should  be  borne  in  mind  that  the  kiln  tested  by  Professor 
Harrop  has  been  in  almost  continuous  operation  for  a  period  of 
six  years,  during  which  period  a  considerable  number  of  tests 
of  various  kinds  were  undertaken  with  the  kiln,  such  tests  re- 
quiring at  times  minor  alterations  in  the  design,  so  that  the 
various  losses  pointed  out  by  the  Professor,  particularly  with 
reference  to  the  loss  through  excess  air  and  radiation,  would 
be  eliminated  in  a  kiln  of  more  modern  design. 

With  regard  to  the  determination  of  fuel  consumption,  my 
understanding  of    the    data    accumulated    by    Professor   Harrop 
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is  that  the  average  of  the  weight  of  the  outgoing  and  incoming 
materials  respectively  was  used  as  the  basis  for  computing  the 
coal  consumption.  This  method,  in  my  opinion,  is  not  entirely 
fair  to  the  kiln,  inasmuch  as  during  part  of  the  test  period 
operating  conditions  at  the  works  made  it  necessary  to  reduce 
the  loading  of  the  trucks  by  substituting  special  shapes  of  more 
01  less  intricate  design  for  the  standard  9  in.  brick  with  which 
the  test  was  commenced.  The  indications  therefore  are,  if 
the  weight  of  standard  9  in.  brick  had  been  taken  as  the  basis 
of  coal  consumption,  a  more  economical  consumption  of  fuel 
would  have  been  obtained. 

Referring  to  the  loss  due  to  radiation  from  the  kiln,  which 
Professor  Harrop  points  out  as  being  45  percent,  I  would  say 
that  in  the  modern  kilns  this  loss  is  greatly  diminished  by  placing 
an  efficient  insulating  medium  between  the  interior  and  exterior 
surfaces  of  the  kiln. 

I  do  not  believe  that  the  heat  consumed  in  evaporating  the 
mechanical  moisture  contained  in  the  green  material  should  be 
considered  as  a  factor  of  heat  loss,  as  this  feature  of  the  kiln 
supplements  a  tunnel  drier  and  permits  the  introduction  of 
material  containing  more  or  less  moisture  into  the  kiln  and 
being  dried  therein. 

I  agree  with  Professor  Harrop  entirely,  that  a  test,  yielding 
absolutely  reliable  results  on  the  average  performance  of  the 
kiln,  should  extend  over  a  period  of  at  least  one  or  two  weeks. 

Mr.  Harrop:  Professor  Staley's  criticism  of  the  rather 
circuitous  method  of  determining  the  heat  losses  through  the 
heating  and  vaporizing  of  the  water  from  the  several  sources 
is  justifiable  if  our  object  had  been  to  determine  in  the  quickest 
possible  way  the  total  heat  in  the  water  vapor  discharged  in  the 
stock  gases.  However,  it  must  be  pointed  out  that  one  of  the 
objects  in  carrying  out  this  test  and  the  subsequent  calculation 
was  to  diilferentiate  the  losses  and  expenditures  as  completely 
as  possible  and  show  minutely  the  methods  of  calculating. 

Inasmuch  as  the  calculation  covering  the  water  from  each 
source  was  handled  separately  for  the  above  reason,  it  would 
seem  logical  to  use  in  that  calculation,  the  actual  or  assumed 
mean    temperature    of    vaporization.      In    other    words,    it   was 
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desired  to  have  the  steps  in  the  ealeulation  represent  what  actually 
took  place  in  the  several  cases  and  "short  cut"  methods  were  not 
desired. 

Regarding  Mr.  Balz's  contention  that  the  fuel  consumption 
as  shown  by  the  single  test  presented  was  high,  it  might  be 
stated  that  the  average  of  this  test  with  three  subsequent  tests 
of  eight  hours'  duration  each  gave  a  fuel  consumption  on  the 
same  basis  of  slightly  less  than  lo  percent. 

Referring  to  the  statement  of  Mr.  Balz  that  he  does  not 
believe  that  the  heat  used  in  evaporating  the  mechanical  water 
in  the  ware  is  a  loss,  the  author  wishes  to  say  that  he  believes 
this  should  be  considered  a  loss  in  the  light  that  the  kiln  should 
not  properly  be  expected  to  do  this  work  (it  is  work  that  should 
have  been  completed  in  the  drier),  but  that  so  far  as  the  entire 
operation  of  manufacture  is  concerned,  it  might  be  considered 
an  experiment  (in  the  kiln). 

In  the  fourth  paragraph  of  Mr.  l.ovejoy's  discussion,  he 
evidently  misinterprets  the  statement  referred  to.  The  excess 
air,  which  enters  at  the  charging  end  carries  heat  up  the  stack 
and  this  heat  so  carried,  is  a  loss.  However,  if  this  excess  air 
were  eliminated,  there  would  result  no  noticeable  increase  in 
the  efficiency  of  the  kiln,  because  the  excess  air  entering  in  this 
way,  does  not  carry  out  heat,  which  is  vital  to  the  operation  of 
the  kiln,  but  merely  dilutes  the  combustion  gases  as  they  leave 
the  kiln  and  becomes  heated  in  so  doing. 

Mr.  Lovejoy  is  correct  in  stating  that  the  mechanical  mois- 
ture and  the  hydrogen  in  the  coal  are  not  taken  into  account. 
These  factors  are  included,  however,  in  the  more  complete 
calculation  which  is  to  be  published  by  the  U.  S.  Bureau  of 
Standards. 

Mr.  Lovejoy  suggests  a  continuous  gas  sampler.  Such  an 
apparatus  was  designed  by  the  author  and  used  in  this  test  and 
as  the  analyses  of  the  several  continuous  samples  were  arranged 
together  on  the  basis  of  the  length  of  time  of  collecting  each 
sample,  the  result  was  equivalent  to  a  continuous  gas  sample 
taken  throughout  the  entire  test. 


THE  BURNING  PROPERTIES  OF  SOME  AMERICAN 
REFRACTORY  CLAYS ' 

BY    H.    G.    SCHURECHT. 

During  the  year  ending  June  30,  1914,  this  country  imported 
from  Europe-  20,587  tons  of  common  blue,  and  Gross-AImerode 
glass-pot  clay  valued  at  $180,524.  This  supply  of  clay  comes 
chiefly  from  Germany,  Belgium  and  Austria  and,  due  to  the  war, 
it  has  been  almost  completely  shut  off  from  the  United  States. 
A  knowledge  of  the  properties  of  some  domestic  refractory  clays 
is  therefore  important  at  the  present  time. 

The  author  noticed  in  testing  fire-clays  that  the  load-  carry- 
ing capacity  of  clays  at  furnace  temperatures  was  increased 
remarkably  by  burning  the  fire-clays  to  higher  temperatures. 
Bleininger  and  Brown-''  also  noted  that  by  burning  to  as  high  a 
temperature  as  possible  the  load-carrying  capacity  of  the  fire- 
brick is  increased.  Important  as  this  relation  is,  practically  no 
work  has  been  published  on  American  clays  regarding  this  be- 
havior of  clays.  This  work  was  therefore  done  to  study  the 
burning  properties  of  some  American  refractory  clays  with 
special  reference  to  the  relation  between  their  burning  tempera- 
tures and  their  load-carrying  capacity. 

Clays  Studied.  The  following  refractory  clays  were 
studied : 

A  —  A  kaolin  from  Gordon,  Georgia. 

B  —  A  mi.xture  composed  of  90  percent  Mount  Savage  flint 
clay,  and  10  percent  ball  clay  from  Mayfield,  Kentucky. 
C  —  A  Mount  Savage  plastic  fire  clay. 
D  —  A  ball  clay  from  Mayfield,  Kentucky. 

'  By  permission   of  the   Director   of  the   U.    .S.    Bureau   of   Mines. 

2  Commerce  and  Navigation;  Bureau  of  Foreign  and  Domestic  Commerce,  1914, 
p.    777. 

■'  Bleininger,  A.  V.,  and  Brown,  G.  H.,  Testing  of  Clay  Refractories,  with 
Special  Reference  to  Their  Load  Carrying  Capacity  at  Furnace  Temperatures; 
Bureau  of  Standards  Tech.  Paper  7,  1911,  p.  73. 
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Their  analyses  are  as  follow: 


GEOKCIA 
KAOLIN 

MOUNT 

SAVAGE 

FLINT   CLAY 

MOUNT 
SAVAGE 

FIRE   CLAY 

KENTUCKY 
BALL   CLAY 

0.38 

13.63 

44.25 

38.06 

1.03 

1.29 

0.08 

trace 

0.10 

0.70 

0.06 

1.25 

12.39 
49.60 
32.65 
1.31 
2.41 
none 
0.12 
0.33 
0.38 
0.13 

0.53 

10.54 
51.90 
31.91 
1.57 
1.76 
trace 
0.04 
0.29 
1.61 
0.03 

1.60 

Loss  on  ignition  

SiO..    

11.52 

46.87 

AW,    

Fe-Oj   

36.58 
1.14 

TiO-   

0.43 

CaO      

0.50 

MgO    

Na,0    

K  .0    

1.60 

0.06 

Total    

99.58 

100.57 

100.17 

100.30 

Description  of  Work.  The  l)urniiia-  and  shrinkage  be- 
havior of  the  clays  were  studied  by  firing  test  pieces,  2  by  i  by  i 
inches,  at  the  rate  of  about  20°  C.  per  hour,  and  the  pieces  were 
drawn  out  at  intervals  commencing  at  1210°  C.  and  finishing  at 
1410°  C.  which  temperatures  correspond  approximately  to  cones 
4  and  14  respectively.  The  temperatures  were  measured  by 
means  of  platinum  platinum-rhodium  thermocouples  and  a  Leeds 
Northrup  potentiometer.  The  porosities  and  volume  shrinkages 
were  determined  on  each  piece.  The  porosities  were  determined 
by  weighing  the  pieces  dry,  saturated  with  water,  and  finally 
suspended  in  water.  The  apparent  porosity  was  then  calculated 
from  the  following  equation  ; 

(ir  —  D) 

Apparent  Porosity  = 100 

■        (U'-S) 

Here  /('  equals  the  weight  of  the  saturated  briquette,  D 
equals  the  weight  of  dry  briquette  and  5  equals  the  weight  of 
saturated  bricitiette  suspended  in  water.  The  \olume  shrinkages 
were  calculated  in  terms  of  dry  volume. 

The  test  pieces  for  measuring  the  relation  of  the  burning 
temperatures  of  the  clays  to  their  load-carrying  capacity  at 
furnace  tcnipcr.ilures  were  made  7  liy   i  by  I   inches,  and  these 
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were  fired  at  intervals  between  1210°  C.  and  1410°  C.  The  load 
which  was  applied  transversely  was  three  pounds  for  pieces 
having  an  inch  cross-section.  The  test  pieces  were  supported 
six  inches  apart  on  fire-clay  knife-edges,  and  the  load  which  was 
a  fire-clay  weight  was  applied  in  the  middle.  The  kiln  was  then 
fired  at  a  rate  of  about  20°  C.  per  hour  up  to  1410°  C.  cor- 
responding approximately  with  cone  14.  Where  the  test  pieces 
broke  in  firing,  the  breaking  temperature  was  observed  through 
a  peep  hole.  This  breaking  temperature  was  the  temperature  at 
which  the  pieces  broke  and  could  easily  be  observed.  In  cases 
where  deformation  resulted,  the  same  was  measured  on  both 
the  upper  and  lower  side  of  the  piece  by  means  of  an  Ames  dial. 
For  pieces  having  less  than  an  inch  cross-section  lighter 
loads  were  applied  and  the  following  formula  was  used,  in  which 
F  is  the  load  (pounds),/  the  span  (inches),  h  and  d  the  width 
and  depth,  (inches). 

3FI         pF 

27= 

2  b  (F        b  d- 

Results.  The  results  of  this  work  are  shown  in  Table  I 
and  Figs.  1  and  2.  By  examining  the  porosity  data  it  is  seen 
that  clays  A  and  B  are  open  burning  clays  and  very  refractory 
showing  only  slight  signs  of  vitrifying  at  1410°  C.  Clay  C  starts 
to  vitrify  between  1330°  C.  and  1370°  C.  while  clay  D  is  vitrified 
below  1210°  C.  Clays  D  and  A  have  large  burning  shrinkages, 
but  they  do  not  vary  much  between  the  temperatures  1210°  C. 
and  1410°  C,  while  clay  C  shows  a  big  increase  in  shrinkage  as 
the  burning  temperature  is  increased. 

On  examinaing  the  load-carrying  capacity  data  at  furnace 
temperatures,  it  appears  that  in  all  cases  this  is  improved  by 
burning  the  clay  to  a  higher  temperature.  The  open  burning 
clays  B  and  A  are  most  improved  by  burning  to  a  higher  tem- 
perature while  the  closer  burning  clays  D  and  C  are  not  improved 
quite  as  much. 

Conclusions.  The  load-carrying  capacit}'  of  refractory 
clays  can  be  increased  by  burning  refractory  clays  to  higher 
temperatures.  Open-burning  clays  like  B  and  A  are  most  im- 
proved, while  clays  which  vitrify  at  lower  temperatures  like  D 
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and  C  aif  not  im|ir(neci  as  much  allliough  a  marked  improve- 
ment is  noticed  even  in  these  clays. 

The  fire-shrinkage  is,  in  some  cases,  reduced  Ijy  l)urning  the 
clay  to  as  higli  a  temperature  as  possible.  This  is  especially  true 
with  clay  C. 

Why  the  strength  of  refractory  clays  is  improved  by  burning 
to  as  high  a  temperature  as  possible  is  still  uncertain  but  one 
of  the  factors  causing  this  is  undoubtedly  the  refractoriness  of 
the  fused  portion  of  the  clay  which  gives  the  clay  strength  at 
furnace  temperatures. 


TEMP.    °    C. 

1210 

1250 

1290 

1330 

1370 

1410 

Apjiareiit     Porosity. 

Percent.  . 

..A 

29.4."') 

28.33 

31.02 

34.15 

28.53 

22.78 

B 

30.00 

25.53 

24.75 

24.20 

25.05 

25.85 

C 

17.7-5 

17.20 

15.73 

10.00 

3.06 

2.58 

D 

0.43 

0.50 

0.82 

0.76 

0.57 

0.59 

Volume    Shrinkage, 

Percent.  . 

..A 

36.01 

.33.05 

32.88 

31.10 

36.05 

40.40 

B 

lo.*) 

14.00 

13.81 

16.87 

16.13 

15.97 

C 

18.  Go 

22.20 

25.20 

D 

45.50 

44.10 

48.40 

Deformation.  Inches.. 

..A 

1.24 

0.55 

0.42 

0.16 

C 

6.49 

0.43 

0.35 

6. 28 

0.16 

D 

0.16 

0.16 

0.16 

II     I'V 

"  "  ' 

Breaking     Temper- 

ature, °  C. . 

..B 

1270 

1310 

1370 

1390 

THE    MAGNESITE    DEPOSITS   OF   THE   GRENVILLE 
DISTRICT.  QUEBEC  ' 

BY    M.   E.    WILSON. 

As  a  consequence  of  the  present  war,  the  source  of  supply  of 
numerous  mineral  materials  formerly  imported  into  America  from 
abroad  has  been  partially  or  completely  cut  off  so  that  since  the 
outbreak  of  the  war,  special  attention  has  been  directed  to  such 
deposits  of  these  minerals  as  were  known  -to  occur  at  home. 
Among  the  minerals  of  this  class  one  of  the  most  important  is  the 
magnesium  carbonate,  magnesite,  the  world's  supply  of  which  was 
formerly  derived  almost  entirely  from  deposits  in  Austria-Hun- 
gary and  Greece.  The  restricted  importation  of  this  material 
especially  during  a  period  of  unprecedented  activity  in  the  metal- 
lurgical industries  has  brought  about  a  complete  transformation  in 
the  market  conditions  for  magnesite  in  America. 

The  almost  complete  dependence  of  the  American  consumer 
of  magnesite  on  foreign  sources  of  supply  prior  to  the  war.  and 
the  readjustment  which  is  now  taking  place  is  indicated  by  the 
statistics  of  importation  and  domestic  production.  In  1913,  the 
year  preceding  the  outbreak  of  the  war,  172,591  short  tons  of 
calcined  magnesite  and  22.872  tons  of  crude  magnesite  were  con- 
sumed in  United  States  of  which  (only  9,632  tons  of  crude)  less 
than  3  percent  was  produced  at  home,  while  in  1915  the  total 
consumption  of  magnesite  in  United  States  was  26.574  short 
tons  of  calcined  and  80,267  short  tons  of  crude,  of  which  approxi- 
mately 23  percent  was  domestic  production.  Likewise  the  pro- 
duction of  magnesite  in  Canada  increased  from  515  tons  valued  at 
?3'335  '"  '9'3  to  55413  'ons  having  a  value  of  $563,829  in  1916. 

Up  to  the  present  time,  the  increase  in  the  domestic  pro- 
duction in  North  America  has  been  derived  almost  entirely  from 
Canadian  deposits  situated  a  few  miles  north  of  the  Ottawa  river 
in  the  Gren\ille  district,  Quebec,  and  from  the  numerous  scat- 


'  Published  with  permission  of  the  Director  of  thi 

(2.54)  ■ 


MAGNESITK   DEPOSITS    OF    GRKNXILLE    IJISTKKT.    QUEliE(         255 

tered  occuriTiices  in  tlic  state  of  California.  Although  tlie  Ca- 
nailian  niagnesite  contains  considerably  more  lime  than  the  Cali- 
fiiniia  niagnesite  and  in  this  respect  is  of  inferior  quality,  it  can  be 
marketed  in  the  principal  manufacturing  centers  of  eastern 
America  for  J/^  to  1/3  less  than  California  magnesite,  and,  on 
this  account,  large  quantities  of  the  Canadian  product  are  now 
being  used  both  in  eastern  United  States  and  Canada. 

Geology  of  the  District.  The  Grenville  district  lies  on 
the  southern  border  of  the  Laureiitian  highlands  which  occupy 
nearly  the  whole  of  northeastern  Canada,  and,  in  common  with 
the  larger  part  of  this  great  upland,  is  underlain  by  a  complex 
of  ancient  I're-Cambrian  (Archaean)  formations.  This  com- 
])lex,  while  represented  in  the  Grenville  district  by  an  exceedingly 
heterogeneous  assemblage  of  rocks,  has,  nevertheless,  the  one 
common  characteristic,  that  all  of  its  members  have  been  trans- 
formed to  the  crystalline  or  foliated  condition  as  a  result  of  the 
intense  metamorphism  to  which  they  have  been  subjected. 

If  classified  merely  on  the  basis  of  age,  the  rocks  found  in 
the  Grenville  district  belong  to  only  three  groups:  (i)  The 
Gren\ille  series  consisting  of  recrystallized  marine  sediments,  (  2  ) 
a  group  of  igneous  pyroxenic  rocks  intrusive  into  the  Grenville 
series  —  the  Piuckingham  series  —  and  (3)  batholilhic  masses  of 
granite  and  syenite  gneiss,  intruding  both  the  Grenville  and 
Buckingham  series ;  but  the  metamorphic  action  of  the  Bucking- 
ham series  on  the  limestone  members  of  the  Grenville  series  has 
transformed  extensive  masses  of  this  rock  into  diopside  and  re- 
lated minerals  forming  a  fourth  common  rock  type  generally 
known  as  'pyroxenite". 

All  of  the  magnesite  deposits  so  far  discovered  in  the  district 
occur  in  association  with  the  rocks  of  the  Grenville  series,  so 
that  it  is  this  group  of  rocks  that  is  of  special  interest  in  this 
connection.     The  series  is  composed  of  three  principal  members, 

—  crystalline   limestone,   sillimanite-garnet  gneiss  and  quartzite, 

—  which,  it  is  believed,  were  originally  laid  down  as  alternating 
beds  of  shale  sandstone  and  limestone,  and  were  later  trans- 
formed to  their  present  condition  by  metamorphism.  The  reasons 
for  this  conclusion  are  the  following:  (  i)  chemical  analyses  of 
the  sillimauitc-garnet  gneiss  ha\e  shown  it  to  have  the  chemical 
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composition  of  a  shale  and  thus  the  three  rocl<  types — sillimanite- 
garnet  gneiss,  quartzite,  and  crystaUine  limestone  —  have  re- 
spectively the  composition  of  the  three  dominant  members  of 
normal  sedimentary  series,  and  (2)  these  rocks  occur  inter- 
stratified  with  one  another  in  a  manner  similar  in  every  respect 
to  the  way  in  which  normal  bedded  deposits  usually  occur. 

The  rocks  of  the  Grenville  series  being  the  least  resistant  to 
erosive  agencies  of  all  the  rocks  of  the  complex  are  generally 
found  to  underlie  the  valleys  of  the  district,  and  the  magnesite 
deposits,  since  they  are  everywhere  associated  with  the  rocks  of 
the  Grenville  series  are  likewise  always  found  in  the  valleys. 

THE  MAGNESITE  DEPOSITS 

General  Character.  The  magnesite  deposits  of  the  Gren- 
ville district  occur  in  extensive  outcrops  or  groups  of  outcrops 
protruding  through  the  marine  clay  and  sand  which  in  the  Gren- 
ville district,  as  elsewhere  in  the  Laurentian  highlands  adjoining 
the  lower  Ottawa  and  the  lower  St.  Lawrence,  form  fiats  in  the 
bottoms  of  the  major  valleys.  They  are  mainly  composed  of 
magnesite,  dolomite  and  serpentine,  but  also  include  small  quan- 
tities of  diopside,  talc,  phlogopite,  quartz  and  other  minerals. 

The  magnesite  contained  in  the  deposits  is  a  glistening, 
cream-white  to  milk-while,  or  gray  material  occurring  in  exten- 
sive masses  associated  with  bands  or  lenses  of  dark  green  to 
light  yellow  serpentine.  Serpentine  also  occurs  disseminated  in 
the  magnesite,  in  places,  and  the  inagnesite,  nearly  everywhere 
contains  more  or  less  included  dolomite ;  and,  since  dolomite 
(CaMg(  CO.J,)  contains  30  percent  of  lime  the  magnesite  gen- 
erally contains  a  certain  amount  of  this  constituent,  the  per- 
centage present  varying  in  proportion  to  the  amount  of  dolomite 
which  the  magnesite  contains.  In  a  few  localities  the  dolomite 
included  in  the  magnesite  is  more  coarsely  crystallized  and  is 
whiter  in  color  than  the  surrounding  material,  and  can  be  dis- 
tinguished in  this  way ;  but  throughout  the  great  mass  of  the 
deposits  the  magnesite  and  dolomite  are  so  similar  in  appearance 
that  the  presence  of  the  dolomite  is  difficult  to  detect. 

The  intimate  manner  in  which  the  dolomite  is  disseminated 
through  the  magnesite  is  made  evident  in  several  ways.     Where 
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liic  iiiagnesite  outcroi)  has  ijcen  exposed  to  atmo.s])heric  agencies, 
the  dolomite  being  more  solulile  than  the  magnesite  dissolves 
away  more  readily,  so  that  the  weathered  surface  presents  an 
irregular  pitted  appearance,  the  magnesite  forming  the  prom- 
inences and  the  dolomite  occupying  the  bottoms  of  the  depres- 
sions. The  presence  of  the  dolomite  in  the  magnesite  can  also 
be  detected  by  treating  the  mixture  with  cold,  strong  hydrochloric 
acid,  efferNCsccnce  taking  ])lacc   where  the  dolomite  is  present. 


The  relationship  of  the  dolomite  to  the  magnesite  can  best  be 
observed,  however,  in  the  material  after  it  has  been  calcined  in  a 
kiln  or  furnace  without  access  of  air  (deoxidizing  atmosphere), 
the  dolomite  assuming  a  white  and  the  magnesite  a  pink  color  as 
a  result  of  this  operation.  A  number  of  specimens  of  magnesite 
collected  by  the  writer  were  sawn  and  calcined  in  the  ceramic 
laboratory  of  the  Mines  Branch  of  the  Canadian  Department  of 
Mines,  by  Mr.  H.  Frechette,  with  the  result  shown  in  Figures  i 
and  2.     It  will  he  ol)servcd  that  in  these  specimens  the  dolomitic 
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portions  appear  to  be  included  in  the  magnesite  and  possess  a 
most  irregular  outline. 

Structure.  The  principal  structural  features  nljser\ed 
in  the  magnesite  deposits  were  parallel  planes  of  parting  re- 
sembling planes  of  bedding,  parallel  banding,  masses  having  a 
lenticular  form  faults,  slickensided  faces,  crumplings  and  other 
evidences  of  deformation.  The  banded  structure  exhibited  by  the 
deposits  arises  in  part  from  variations  in  the  color  of  the  mag- 
nesite and  in  part  from  variations  in  the  proportion  of  dis- 
seminated serpentine  which  it  contains.    The  lenticular  form  cnm- 


monly  ob.served  in  the  deposits  is  probably  the  result  of  deforma- 
tion, certain  portions  of  the  deposits  of  slightly  diiiferent  composi- 
tion or  physical  character  being  more  resistant  to  deformation 
than  other  portions  of  the  deposits. 

Origin.  From  the  study  of  the  character  and  relation- 
ships of  the  magnesite  deposits  it  has  been  concluded  that  they 
have  been  formed  by  the  replacement  of  the  crystalline  limestone 
member  of  the  Grenville  series  through  the  agency  of  solutions 
emanating  from  the  pyroxenic  igneous  intrusives  composing  the 
Buckingham  series.     They  have  thus  probably  originated   in   a 
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manner  very  similar  to  llial  suggested  l)y  Rediich-  for  the 
Austro-J  hmgarian  cle[)osits. 

Quality  of  Magnesite.  The  ])ro])c)rlion  of  magnesite  free 
from  dolomite,  or  dolomite  free  from  magnesite  in  the  mag- 
nesite deposits,  is  excedingly  small,  the  larger  part  consisting  of 
an  intimate  mixture  of  magnesite  and  dolomite  in  varying  propor- 
tions. There  are  considerable  masses  of  material  present,  how- 
ever, in  which  the  lime  content  resulting  from  the  presence  of 
the  dolomite  ranges  from  t,  to  12  ])crcent.  It  is  the  practice  at 
the  mines  at  ])rcsent  to  mine  only  these  portions  of  the  deposits, 
so  that  a  jiroduct  averaging  from  6  to  10  percent  lime  is  obtained. 

Extent  of  Deposits.  Up  to  the  present  time  deposits  of 
magnesite  ha\e  been  found  in  four  principal  localities  in  the 
( Irenville  district.  At  all  of  these  points  there  is  present  ex- 
tensive deposits  of  marketaljle  magnesite  in  which  the  proportion 
of  serpentine  and  highly  dolomitic  magnesite,  to  be  removed  by 
cobbing  or  in  mining  the  material,  is  less  than  40  percent.  '  From 
an  examination  of  the  surface  outcrops  of  the  deposits  and  from 
the  result^  of  diamond  drilling  operations,  it  has  been  estimated 
by  the  writer  that  approximately  three-quarters  of  a  million  tons 
of  magnesite.  averaging  from  7  to  10  percent  lime,  is  known  to  be 
[jresent  in  the  district. 

=  Rc(llicli.  Karl  .\..   D 
Fortschiiltc,   Jcr  Mo,.,  Kn 


A  NEW  PRINCIPLE  IN  TEMPERATURE 
MEASUREMENT 

BV    W.    C.    IIARTI'.R,    TKKXTOX.    X.    J- 

Because  you  are  engaged  in  scientific  pursuits,  you  will 
doubtless  be  interested  in  a  late  development  of  one  of  our 
American  scientists,  Dr.  E.  F.  Northrup,  of  the  faculty  of 
Princeton  University.  Dr.  Northrup's  new  "Pyrovolter  prin- 
ciple" has  made  possible  a  distinct  advance  in  the  laboratory  and 
commercial  measurement  of  high  temperatures,-  and  marks  a 
definite  improvement  in  the  field  of  thermocouple  pyrometry. 

For  the  indication  of  temperatures  by  means  of  ther- 
mocouples, experience  has  proved  that  the  deflection  instru- 
ment js  by  far  the  most  suitable  for  commercial  use,  because 
of  the  ease  with  which  it  can  be  read,  and  because  of  its  gen- 
eral simplicity.  For  this  reason  an  instrument  of  this  type  has 
been  adopted  as  standard  for  the  large  majority  of  so-called 
"pyrometers."  However,  the  ordinary  deflection  instrument, 
used  in  series  with  the  thermocouple  circuits,  has  certain  in- 
herent faults  which  tend  to  neutralize  its  advantages. 

The  deflection  instruments  used  may  be  divided  into  two 
classifications;  those  of  low  resistance  and  those  of  high  re- 
sistance. The  low  resistance  instruments  are  suitable  for  use 
only  with  base  metal  couples,  and  have  a  very  marked  ten- 
dency to  inaccuracy  because  of  outside  lead  resistance.  The 
high  resistance  instruments  —  which  are  the  general  type  for 
use  with  platinum-rhodium  couples,  attempt  to  render  negligi- 
ble the  outside  lead  resistance  by  introducing  a  high  and  un- 
necessary resistance  into  the  instrument  itself.  The  effect  is 
merely  to  approach  toward  accuracy. 

It  must  be  noted  that,  although  a  high  resistance  pyrom- 
eter indicator  or  recorder  may  be  calibrated  correctly  when 
it  is  made,  it  is  bound  to  lose  its  accuracy  as  the  thermocouples 
age  and  acquire  a  higher  resistance,  very  appreciably  increas- 
(260) 
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ing  the  resistance  of   the  outside  circuits  and  consequently  mak- 
ing the  temperature  indications  below  their  true  value. 

Also,  in  all  ordinary  deflection  instruments,  the  readings 
change  to  at  least  some  extent  with  cliange  of  temperature  at 
the  instruments  itself,  due  to  the  fact  that  copper  wire,  which 
must  be  used  for  certain  parts,  has  a  considerable  tempera- 
ture resistance  coefficient. 

For  these  reasons,  it  has  long  been  evident  that  ordinary 
(IrHeitii)n  instruments  cannot  consistently  and  permanently 
measure  temperatures  with  the  degree  of  accuracy  demanded 
by  scientists  and  commercial  workers  desirous  of  correct  re- 
sults. Hence,  the  potentiometer  has  been  employed  to  a  con- 
siderable extent  for  the  accurate  measurement  of  thermocouple 
ten)])eratures. 

The  ijotentiometer,  Ijy  its  very  nature,  inasmuch  as  it  reads 
electro-motive  force  and  not  current,  is  independent  of  the  out- 
side lead  resistance,  and  is  therefore  not  subject  to  the  de- 
flection type's  inaccuracy  from  this  source.  However,  the  po- 
tentiometer is  a  comparatively  delicate  instrument,  its  manipu- 
lation is  complicated,  and  the  cost  is  high.  It  does  not  permit 
the  facility  of  reading  which  is  the  main  advantage  of  the  de- 
flection type. 

There  has,  therefore,  been  fell  a  detinite  need  for  an 
instrument  comliining  the  simplicity  of  the  deflection  type  with 
the  accuracy  of  the  potentiometer.  It  has  been  to  fdl  this  need 
that  Dr.  Northrup's  Pyrovolter  has  been  developed. 

The  Pyrovolter  is  in  reality  a  principle,  not  an  instrument. 
This  principle  has  made  possible  the  construction  of  an  instru- 
ment which  indicates  temperature  direct,  on  a  scale,  as  does  the 
ordinary  deflection  pyrometer  indicator,  and  does  this  by  read- 
ing electro-motive  force,  and  not  current  —  in  this  respect  cor- 
responding to  the  potentiometer.  To  those  unacquainted  with 
electrical  terms,  who  may  not  see  tJie  advantage  of  this  distinc- 
tion —  this  is  equivalent  to  measuring  the  steam  pressure  of  a 
boiler.  The  current  measuring  instruments  do  what  is  analo- 
gous to  measuring  the  (luantity  of  steam  passing  out  of  that 
boiler  thru  a  pipe  of  known  bore,  and  judging  the  pressure  by 
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the  flow  of  Steam.  The  PyrovoUer,  however,  draws  no  current 
from  the  source  of  the  E.  M.  F.  being  measured. 

For  this  reason,  the  same  as  in  the  potentiometer,  the 
Pyrovoher  readings  are  independent  of  the  resistance  of  the 
circuit  in  which  the  E.  M.  F.  is  located ;  i.  ^.,  independent  of 
the  outside  lead  resistance.  In  less  technical  terms,  this  means 
that  the  lead  wires  coming  from  thermocouples  to  an  instru- 
ment may  be  of  any  length,  ten  feet,  a  thousand  feet,  or  even 
more,  and  the  accuracy  of  the  readings  will  in  no  wise  be  af- 
fected. Heretofore,  when  it  has  been  desired  to  read  several 
couples,  from  different  distances,  on  one  indicator,  thru  a  se- 
lector switch,  external  resistance  was  •  arbitrarily  introduced 
to  make  all  leads  of  the  same  resistance,  or  else,  as  indeed  has 
more  often  been  the  practice  in  commercial  installations,  the 
differences  in  these  outside  resistances  have  been  practically 
disregarded,  makers  considering  that  the  high  resistance  of  the 
instruments  would  sufficiently  offset  any  errors,  so  that  accur- 
acy would  not  be  greatly  affected  until  the  couples  had  aged, 
when  the  whole  system  must  be  re-calibrated.  With,  the  Pyro- 
volter,  it  is  immaterial  whether  the  couple  is  newly  constructed 
and  of  low  resistance,  or  old  and  corroded ;  whether  you  heat 
just  one  end  of  the  couple  and  increase  the  resistance  a  small 
amount,  or  whether  you  heat  a  long  portion,  thus  changing  the 
resistance  of  the  couple  very  considerably,  whether  you  use  a 
heavy  No.  6  B.  and  S.  wire  couple  of  extremely  low  resistance, 
or  a  .  I  millimeter  platinum  platinum-rhodium  couple  of  pos- 
sibly lOO  ohms  resistance  with  an  E.  M.  F.  of  onlv  a  few  mil- 
livolts. 

The  Pyrovoher  has  no  temperature  coefficient  of  resist- 
ance, and  hence  its  readings  do  not  change  with  change  of 
temperature  at  the  instrument.  This  has  been  made  possible 
by  the  use  of  Manganin  wire  in  that  part  of  the  Pyrovolter 
circuit  which  determines  the  range  of  the  instrument,  and 
has  been  dtme  without  the  sacrifice  of  either  durability  or 
robustness.  The  temperature  resistance  coefficient  has  n<it 
been  merely  reduced  or  minimized,  it  has  been  eliminated,  — 
something  never  before  accomplished  in  a  deflection  instru- 
ment. 
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The  I'yrovoltcT  principle  has  made  possible  the  construction 
of  an  instrument  permitting  a  very  wide  flexibility  of  range 
without  complication.  One  instrument  can  be  adapted  to  read 
from  l)Oth  basc-mctal  and  noble  metal  couples,  using  the  full 
scale  for  each  couple.  Theoretically,  there  is  no  limit  to  the 
number  of  ranges  which  may  be  applied  to  the  same  instrument 
without  al'fecting  the  simplicity  of  operation  of  the  instru- 
ment. It  is  true  that  all  other  deflection  instruments  can  have 
a  multiplicity  of  ranges  applied  to  them,  but  with  such,  as  the 
series  resistance  is  reduced,  the  temperature  coefficient  in- 
creases.    In  the  I'yroxolter  the  coefficient  is  not  affected. 

This  new  principle  has  made  possible  not  only  the  con- 
struction of  an  instrument  which  measures  temperatures  ac- 
curately, but  has  also  made  possible  the  construction  of  such 
an  instrument  in  a  very  rugged  and  durable  type.  The  de- 
flection meter  used  is  of  the  strong  spring  control,  double  pivot 
tyiie  rjf  low  resistance  millivoltmeter.  To  accomplish  results 
ajjproaching  in  accuracy  those  of  the  Pyrovolter,  it  is  unneces- 
sary to  use  a  suspended  coil  type  of  high  resistance  ineter,  as 
is  ordinarily  employed  for  use  with  ])latinum  couples  and  for 
base  metal  couples  where  even  a  fair  degree  of  accuracy  is  de- 
sired. The  Pyrovolter  can  read  with  facility  from  platinum 
c('U]iles.  since  its  uses  a  sturdy  jew'el  bearing  meter  of  stand- 
ard make,  constructed  for  hard  shop  service.  It  has  accom- 
plished a  definite  step  forward  in  getting  away  from  the  sus- 
pended coil,  high  resistance  instruments,  which  are  essentially 
delicate,  having  a  large  dead  resistance  in  series,  which  neces- 
sitates a  very  sensitive  moving  element  and  a  correspondingly 
weak  control.  The  purpose  of  this  resistance  is  only  to 
make  the  external  resistance  (i.  e.,  the  lead  resistance)  small 
in  percentage  effect.  If  we  should  introduce  a  platinum- 
rhodium  couple  of  high  resistance  into  the  circuit,  and  this  in 
time  should  cause  a  resistance  variation  of  50  ohms,  an  in- 
strument of  400  ohms  would  show  an  error  of  12J/S  percent, 
and  an  instrument  of  as  high  as  1200  ohms  —  which  is  about 
the  limit  —  would  show  the  very  appreciable  error  of  4  per- 
cent. It  is  obvious  that  it  is  advisable  to  eliminate  this  dead  re- 
sistance and  use  a  low  resistance  meter  if  possible. 
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To  show  how  this  is  possible,  and  to  explain  the  Pyrovol- 
ter  principle  itself,  it  will  be  necessary  to  refer  to  a  couple  of 
diagrams. 

Referring  to  Figure  i.  a  small  dry  cell  Ba,  contained  in 
the  case  of  the  instrument,  sends  a  current  thru  the  rheostat 
R  and  the  fixed  resistance  Cu  (which  are  equal  in  value  to  the 
resistance  of  the  copper  coil  of  the  moving  element  of  the 
meter  C),  and  5",  a  fixed  resistance  of  Manganin  adjusted  ac- 
curately with  potential  tap-offs.  The  value  of  the  resistance 
included  between  these  potential  leads  determines  the  range 
of  the  instrument.  The  current  flowing  thru  6"  is  varied  by  the 
rheostat  R,  so  that  a  varying  E.  M.  F.  is  applied  to  these  po- 
tential leads  due  to  the  drop  of  potential  over  the  resistance 
S.  The  moving  element  is.  connected  in  series  with  the  un- 
known E.  AI.  F..  Ex  (thru  the  binding  posts  Pi  and  P^), 
across  this  varying  potential,  so  that  the  meter  serves  as  a 
galvanometer  to  establish  a  balance  between  the  unknown  Ex 
and  the  drop  across  5.  This  adjustment  is  effected  by  turning 
a  large  black  button  in  the  lower  right  hand  corner  of  the  in- 
strument in  a  clock-wise  direction  to  increase  the  current  flow 
thru  5",  thus  increasing  the  drop  across  S.  When  the  balance 
has  been  obtained  —  and  this  takes  only  a  second  —  a  small 
button  on  the  instrument  is  pressed,  which  changes  the  connec- 
tions to  those  of  Figure  2. 

In  the  new  connections  (Figure  2).  it  will  be  noted  that 
the  pressing  of  the  button  has  substituted  the  meter  G  for  the 
resistance  Cu.  This  substitution  is  permissible  for  all  tem- 
peratures at  the  instrument,  since  both  elements 'are  copper  and 
hence  always  of  the  same  resistance;  so  that  now  without  af- 
fecting the  conditions  of  the  circuits,  there  has  been  introduced 
a  meter  which  measures  the  current  flowing  thru  5,  and.  since 
the  drop  across  5"  is  proportional  to  the  current  flowing  thru 
S,  the  scale  of  the  meter  is  marked  off  to  read  the  drop  across 
S,  and  this  drop  having  just  been  balanced  against  Ex.  —  the 
unknown  E.  M.  F.,  —  we  have  the  instrument  indicating  the 
value  of  Ex. 

In  effect  the  Pyrovolter  principle  provides  a  means  of  op- 
erating a   deflection   instrument   on   the   potentiometer   principle. 
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wherein  the  accuracy  and  permanence  of  the  instrument  ba- 
sically depend  upon  a  permanent  magnet  rather  than  upon  a 
standard  cell,  in  that  the  "current  constant"  of  the  instrument 
is  all  that  affects  the  readings,  the  resistance  5  being  once 
fixed.  As  the  reliability  and  permanence  of  a  permanent  mag- 
net is  quite  equal  to  that  of  a  standard  cell,  the  practicability 
of  this  principle  is  at  once  evident. 

In  the  Pyrovolter  principle,  nothing  is  employed  that  is 
new  or  novel  except  the  circuits  by  means  of  which  the  parts 
are  connected.  No  dependence  is  laid  on  a  delicate,  sensitive 
galvanometer,  carefully  calibrated  slide  wire,  or  fragile  stand- 
ard cell. 

As  the  Pyrovolter  is  a  principle,  not  an  instrument,  it  is 
possible  to  adapt  any  deflection  instrument  to  this  principle, 
and  any  kind  of  an  electrical  meter  operating  on  the  d'Arson- 
val  principle.  Regardless  of  the  former  use  or  application  of 
the  meter,  an  adapter  can  be  built  which  will  operate  it  as  a 
Pyrovolter  of  any  range  whatsoever,  without  affecting,  in  the 
slightest  degree,  its  usefulness  in  its  original  capacity.  It  is 
therefore  possible  to  convert  previous  pyrometric  installations 
into  a  system  employing  the  Pyrovolter  principle. 

In  conclusion,  this  new  principle  has  made  possible  the 
construction  of  a  deflection  potentiometer  of  rugged  type,  suit- 
able for  the  following  uses,  among  others : 

(i)  The  calibration  of  thermocouple  systems  already  in- 
stalled, or  of  any  type  of  direct  current  instrument 
in   general. 

(2)  Wide  adaptability  to  thermocouple  pyronietry.  for 
both  base  and  noble  metal  couples. 

(a)  Used  in  a  special  form  with  couples  for  the 
measurement  of  slight  changes  of  body  tem- 
perature in  medical  and  biological  research, 
and  for  the  measurement  of  slight  temperature 
changes   in  chemical   reactions. 

(b)  Used  to  measure  the  voltage  drop  of  small 
generators,  and  in  any  similar  cases  where  small 
drops  of  potential  are  present. 
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(c)  Used  to  measure  temperatures  wherever  ther- 
mocouples are  employed  in  scientific  and  com- 
mercial pursuits,  indicating  with  absolute  ac- 
curacy those  temperatures  found  in  foundries, 
glass   plants,   potteries,   etc. 


THE  EFFECT  OF  THE  SIZE  OF  GROG  IN  FIRE  CLAY 
BODIES' 

BY   F.    A.    KIRKPATRICK. 

One  of  the  most  important  factors  governing  the  properties 
of  fire  clay  refractories  is  the  size  of  the  grog  used  in  such 
bodies.  Some  products  require  coarse  grog,  others  fine  grog 
or  mixtures.  Where  resistance  to  repeated  heating  and  cooling 
is  desired,  the  larger  sizes  are  considered  best.  For  resistance 
to  deformation  under  load  the  densest  body  is  most  desirable 
and  is  obtained  by  use  of  non-plastic  material  composed  of 
coarse,  medium  and  fine  particles  in  the  proper  proportions. 
Grog  varies  greatly  in  the  percentages  of  different  sizes  depend- 
ing upon  the  nature  of  the  material  and  the  method  of  grinding. 
A  mechanical  analysis  often  aids  in  discovering  the  cause  of 
defects  in  a  body.  The  present  investigation  was  undertaken 
for  the  purpose  of  determining  quantitatively  the  changes  pro- 
duced in  some  properties  of  fire  clay  bodies  by  variation  of  the 
size  of  grog. 

This  work  was  begun  by  Mr.  G.  H.  Brown  and  Mr.  H.  G. 
Schurecht  in  1915  and  completed  by  the  writer  in  1916-17  along 
the  same  lines  as  originally  planned.  The  investigation  was 
begun  as  a  study  of  sagger  bodies,  but  a  more  general  application 
of  the  results  can  be  made. 

The  effect  of  the  size  of  grog  was  studied  quantitatively 
by  Fulton  and  Montgomery-  using  bodies  made  up  of  50  per- 
cent. Saint  Louis  fire  clay  and  50  j>ercent.  grog.  They  pre- 
pared five  sizes  of  grog:  6.  14,  35,  100  and  200  mesh,  using  all 
material  passing  through  the  sieves.  They  found  that  the 
modulus  of  rupture  in  the  raw  state  was  a  maximum  with  100 
mesh  grog.  In  the  burned  state  up  to  cone  15,  strength  increased 
with  decrease  of  grog  size.  At  this  temperature,  porosities  of 
6,  14  and  35  mesh  bodies  were  10  to  13  percent,  while  those  of 
100  and  200  mesh  bodies  were  5  to  6  percent. 


'  Bv  permission  of  the  Director  of  the  U.  S.  Bureau  of  Standards. 
2  The  Effect  of  Grog  in  Fire  Clay  Bodies,  Trans.  Amer.  Cer.  Soc.  XVII,  p.  409. 
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A  tiumljer  of  investigators  have  studied  the  etifect  of  the 
size  of  materials  upon  the  strength  and  other  properties  of 
cement  mortar  and  of  concrete.^  Although  the  conditions  are 
somewhat  different,  the  present  work  shows  that  some  of  the 
deductions  of  these  studies  apply  to  fire-clay  bodies  in  the  raw 
state.    They  do  not  hold,  however,  for  bodies  in  the  burned  state. 

Methods.  The  general  plan  of  procedure  consisted  of  the 
separation  of  grog  into  different  sizes  and  recombining  these  in 
arbitrary  proportions.  There  are  two  principal  methods  of  re- 
combining  the  separate  sizes :  (  i )  By  means  of  analysis  curves* ; 
(2)  by  means  of  triaxial  diagrams.''  The  second  method  was 
adopted  since  it  was  olu'ious  that  the  first  would  l)e  of  value 
only  for  bodies  in  the  raw  state.  Strength  in  the  burned  state 
increases  with  the  surface  factor  up  to  the  temperature  where 
everburning  begins,  and  the  analysis  curve  for  ma.ximum 
strength  would  be  a  straight  line  perpendicular  to  the  size  a.xis 
at  the  smallest  size  obtainable. 

The  grog  was  made  by  crushing  in  a  wet  [)an  high-grade 
fire  brick  which  were  composed  of  about  50  percent  flint  fire- 
cla\-.  The  grog  was  screened  through  sieves  with  a  power  shaker 
and  separated  into  the  following  sizes:  4-8  mesh,  8-12,  12-20, 
20-40,  40-80,  80-dust.  Each  sized  portion  was  thoroughly  mixed 
by  means  of  shoveling.  Mechanical  analyses  were  made  of  each 
portion  with  Tyler  standard  screens.  The  sizes  of  the  screens 
used  were  as  follows : 


Sic. 

c  of  opening 

Si: 

:eof  Opening 

Mesh 

( Inihcs) 

Mesh 

(Inches) 

4 

.  200 

30 

.0198 

0 

.131 

40 

.0150 

8 

.00.3 

60 

.0087 

10 

.072 

80 

.0069 

12 

.054 

150 

.0041 

14 

.046 

200 

.0029 

■20 

.0.33 

300 

.0017 

"  R.  Fcret.  "Sur  la  CompacitS  des  Mortiers  Hydrauliques."  Aiinales  des  Pants 
et  Chausses,  lS9i,  II  and  other  volumes. 

^^  Fuller  and  Thompson,  "The  Laws  of  Proportioning  Concrete."  Trans.  Am. 
Soc.  of  Civil  Engineers.  Vol.  LIX.  p.  67,  1907. 

"•  Taylor  and  Thompson,  •■Concrete,  Plain  and  Reinforced,"  pp.  132  to  216. 

">  Wig,  Williams  and  Gates,  "Strength  and  Other  Properties  of  Concrete  as 
Affected  bv  Materials  and  Methods  of  Preparation",  U.  S.  Bureau  of  Standards 
Technologic  Paper  'No.  5S. 

'  See  Tavlor  and  Thompson,  Ref.  Sc. 
'  See  Ref.  Sa. 
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Tlie  analyses  of  the  separate  portions  were  as  follows: 

Mesh  of  Mesh  of 

Screen  Screen  Percent 


\      4-     (i 

49.4 

■(      U-     8 

50.0 

J      8-  11) 
t    10-  1--' 

30.9 
03.1 

i    1-2-  14 
(    14-  20 

26.0- 
73.4 

)    21)-  80 
(    80-  40 

44.8 
55.2 

(    40-  00 
I    GO-  80 

52.7 
47.3 

r  80-150 
J  150-200 
T  200-80f) 

[Through  800 

87.4 
15.8 
19.0 
27.8 

All  bodies  were  of  the  composition  50  percent  grog  and  50 
percent  clay  by  weight.  The  latter  was  a  high  grade  plastic 
fire  clay  ground  to  pass  a  20  mesh  screen. 

The  bodies  were  made  up  in  five  triaxial  series  having  the 
following  grog  components : 

Scries      ..■  Mesh .  -, 

1.  4-8,  8-12,   12-20 

2.  8-12,  12-20,  20-40 
8.     12-20,  20-40,   40-80 

4.  20-40,  40-80,   80-dust 

5.  4-20,  20-80,   80-dust 

In  series  5,  the  4-20  grog  was  composed  of  equal  ])arts  of 
4-8,  8-12,  and  12-20  sizes.  The  20-80  grog  was  formed  of 
equal  parts  of  20-40  and  40-80  sizes.  Each  series  contained  16 
bodies  designated  by  letters  and  having  the  following  grog  com- 
position : 
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PERCENT 

PERCENT 

PERCENT 

LETTER 

A 

P 

M 

A 

100 

0 

0 

B 

663 

0 

33i 

C 

663 

33i 

0 

D 

60 

20 

20 

E 

40 

20 

411 

F 

40 

40 

2iJ 

G 

33J 

663 

H 

■m 

33  i 

334 

1 

33i 

66s 

J 

20 

20 

60 

K 

20 

40 

40 

L 

20 

60 

20 

M 

.. 

100 

X 

334 

66S 

O 

66§ 

334 

P 

100 

-^^ 

The  clay  and  grog  were  tlioroughU-  mixed  dry  by  shoveling 
and  pugged  in  a  wet  pan.  The  plastic  mass  was  allowed  to 
stand  at  least  two  hours  to  allow  the  grog  to  absorb  moisture. 
Briquettes  i  in.  by  i  in.  by  7  in.  were  molded  by  hand. 

For  the  deterniinations  of  modulus  of  rupture  in  the  raw 
state,  briquettes  were  air  dried  at  least  three  days,  dried  at 
65°  C.  for  one  day,  and  finally  at  110°  C.  for  two  days.  These 
were  broken  in  the  transverse  test  machine  described  by  Blein- 
inger  and  Howat"  using  a  5^/2  inch  span.  The  method  of  calcu- 
lation was  the  same  as  that  given  by  these  writers.  The  broken 
3^  inch  pieces  were  burned  and  used  for  strength  tests.  Porosity 
of  the  raw  briquettes  was  determined  by  immersion  in  kerosene 
in  the  usual  manner,  the  average  of  four  pieces  being  taken. 

Bodies  were  burned  at  cones  10,  12  and  14,  the  rate  of  rise 
of  temperature  being  25°  C.  per  hour  with  a  two  hour  soaking 
period  at  the  end  of  the  burn.  Modulus  of  rupture  determina- 
tions of  the  burned  pieces  were  made  in  a  lO.OOO  lb.  Olsen 
machine  with  a  two  inch  span.  This  length  of  span  was  too 
small,  and  the  values  obtained  for  modulus  of  rupture  are  high. 


"  The  Compression,  Tensile  and  Transverse  Strengtli  of  Some  Cla 
State,  Trans.  Am.  Ccr.  Soc.  XVI,  p.  273. 
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because  they  include  a  certain  proportion  of  the  shearing  strength. 
Porosity  determinations  were  made  in  the  usual  manner. 

In  order  to  determine  the  behavior  of  the  burned  bodies 
under  repeated  heating,  two  sets  of  e.xperiments  were  made.  In 
the  first  set,  briquettes  previously  burned  to  cone  12  were  heated 
five  times  to  600°  C.  and  quenched  in  ice  water  after  each  heat- 
ing. The  niodulu>  of  rupture  was  then  determined,  using  a 
two  inch  span,  the  average  of  si.\  pieces  being  taken.  The 
strength  after  treatment  expressed  as  a  percentage  of  that  before 
treatment  afforded  a  means  of  comparison  of  the  value  of  the 
bodies  in  repeated  heating. 

In  the  second  set  of  experiments,  bars  i  in.  by  i  in.  by  7  in. 
previously  burned  to  cone  12,  were  heated  to  1,000°  C.  and 
quenched  in  running  water  at  about  15°  C.  a  sufficient  number 
of  times  to  cause  them  to  break  in  two.  Four  briquettes  of  each 
body  were  used.  The  number  of  quenchings  withstood  before 
breaking  afforded  a  means  of  judging  the  relative  value  of  the 
bodies  under  severe  conditions  of  heating  and  cooling. 

A  draw  trial  burn  was  made  with  bodies  containing  the 
six  separated  sizes  of  grog:  4-8  mesh.  8-12,  12-20,  20-40,  40-80, 
80-dust,  and  a  body  containing  100  percent,  clay.  Porosities 
were  determined  at  intervals  of  30°  C.  for  temperatures  from 
1150^   C.  to   1440"   C. 

RESULTS  FROM  SINGLE  SEPARATED  SIZES 
In  Fig.  I  is  siiown  the  relation  between  tcnii)erature  of 
burning  and  porosity  for  bodies  containing  the  separated  sizes 
and  for  the  clay  alone.  It  is  noted  that  the  80-dust  body  has  a 
greater  rate  of  vitrification  than  any  of  the  other  grog  bodies, 
due  to  the  finer  grog  offering  more  surface  for  solution  by  the 
clay.  The  curves  for  the  larger  sizes  are  close  together,  and 
the  rates  of  vitrification  are  less  than  that  of  the  80-dust  body. 
That  is,  the  Somesh  grog  forms  a  dividing  line  between  coarse 
or  slowly  vitrifying  and  fine  or  rapidly  vitrifying  grog  sizes. 
Hence,  at  commercial  temperatures  of  burning,  some  fine  grog 
is  necessary  for  development  of  high  strength  by  vitrification. 
In  Fig.  2  is  given  the  strength-porosity  curve  for  raw 
bodies.     F"rom  4-8  mesh  to  40-80  mesh  grog,  strength  increased 
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witli  increase  of  porosity,  this  being  due  probably  to  cracks  de- 
veloped in  drying.  The  size  of  the  cracks  decreased  with  de- 
crease in  size  of  grog.  From  40-80  mesh  to  80-dust  strength 
decreased  in  the  usual  order  with  increase  of  porosity. 

In  Fig.  3  is  shown  the  relation  between  surface  factor  and 
modulus  of  rupture  in  the  raw  and  burned  states.  The  sur- 
face factor  was  calculated  according  to  the  method  suggested 
by  Purdy'  and  includes  the  grog  portion  only.  Strength  in- 
creased with  increase  of  surface  factor.  Porosity  in  the  raw 
and  burnt  states  was  a  maximum  in  the  40-80  mesh  body 
(Fig.  4).  The  results  from  the  quenching  tests  are  given  in 
Fig.  5.  Bodies  containing  the  larger  sizes  of  grog  withstood 
the  tests  best. 

RESULTS  FROM  MIXTURE  OF  SIZES 
Drying  Properties.  Figures  6  tu  10  show  the  relation 
between  grog  composition  and  modulus  of  rupture  for  raw 
bodies.  The  curved  lines  within  the  diagrams  are  iso-strength 
lines.  Strength  increased  with  increase  of  surface  factor  in 
series  1  and  2  but  not  in  series  3  and  4  (Fig.  11).  Strength 
increased  with  increase  of  porosity  in  series  i,  2,  and  3  and  with 
decrease  of  porosity  in  series  4  (Figs.  2.  12.  and  13).  The 
following  considerations  are  offered  in  explanation  of  these  re- 
sults. It  is  obvious  that  mixtures  of  sizes  give  denser  bodies 
than  single  sizes  if  they  are  related  to  each  other  so  that  the 
smaller  sizes  fit  into  the  voids  between  the  larger  sizes.  Since 
clay  and  grog  have  approximately  the  same  specific  gravity  they 
occupy  about  the  same  volume  per  unit  volume  of  briquette  body. 
Hence,  the  grog  particles  are  in  contact  with  each  other  in  the 
raw  body  except  for  a  comparatively  thin  layer  of  clay. 

In  the  Table  II  are  given  the  average  size  of  each 
grog  portion  and  the  ratio  between  the  three  average  sizes  in 
each  series : 

the   Comparative    Fineness   of   Ground    Materials   bv    Means 
IS.  Amer.   Ccr.  .V.v.    fit.  p    441. 
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TABLE   II 


AVERAGE     SIZE 

SERIES 

MESH 

INCHES 

RATIO    OF    SIZES 

f     4-    8 

.1382 

1.00 

1 

•     8-12 

.0697 

.  .50 

12-20 

.0423 

.30 

'-  8-12 

.0697 

1.00 

2 

\  12-20 

.0423 

.61 

[2(1-40 

.0214 

.31 

f 12-20 

.0423 

1.00 

3 

\  20-40 

.0214 

.51 

1 40-80 

.0101 

.24 

f 20-40 

.0214 

1.00 

4 

}  4(1-80 

.0101 

.47 

1 80-diist 

.0032 

.15 

f   4-211 

.0834 

1.000 

5 

\  20-8(1 

.0157 

.188 

UO-dust 

.0032 

.038 

If  spheres  of  equal  volume  are  packed  symmetrically  in  a 
receptacle  two  sizes  of  voicis  are  formed  between  them,  one  half 
having  a  diameter  0.41  times  that  of  the  large  spheres,  the  other 
half  0.22  times.*  Hence,  the  three  sizes  of  spheres  neces- 
sary to  form  the  densest  mass  have  diameters  in  the  ratio 
1. 00  ;o.4i  :  0.22.  Since  the  actual  shape  and  size  of  voids  in 
clay-grog  bodies  cannot  be  determined,  the  best  means  at  hand 
for  comparison  of  the  efYect  of  mixing  different  sized  particles 
must  be  used.  As  the  above  table  shows,  the  ratio  of  sizes 
in  series  i  and  2  is  such  that  the  smaller  particles  do  not  fit  into 
the  voids,  but  separate  the  larger  particles.  Hence,  there  are 
no  maximum  strength  nor  density  areas  in  these  series.  In 
series  3,  there  is  a  somewhat  better  ratio.  The  40-80  size  fits 
into  the  voids  between  either  12-20  or  :'0-4O  mesh  size,  giving 
considerable  increase  in  strength  with  amounts  of  30  percent 
and  more,  and  a  maximum  strength  area  near  bodies  J  and  N. 

In  series  4  the  ratio  approaches  the  theoretical  ratio  for 
spheres.  The  voids  in  the  20-40  material  are  able  to  contain 
80-dust  material,  but  most  of  the  40-80  grog  is  too  large,  separat- 
ing the  larger  particles  causing  increase  in  porosity  and  decrease 
in  strength. 

«  See  Ref.  Sc,  p.  168. 
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In  series  5  the  ratio  of  sizes  shows  that  the  smaller  sizes 
easily  fit  into  the  voids  between  the  4-20  size,  giving  some  of 
the  densest  bodies  obtained.  These  were  not,  however,  the 
strongest.  Most  of  the  bodies  in  series  4  were  stronger  than 
those  in  series  5.  The  latter  were  weakened  by  the  isolated 
large  particles  and  by  the  cracks  formed  by  these  particles  in 
drying,  as  in  series  i  and  2,  which  contained  large  grog. 

While  the  ratio  of  sizes  affords  a  convenient  means  of  com- 
parison it  should  be  noted  that  the  average  size  of  each  grog 
portion  was  used,  but  that  each  portion  coritained  particles  vary- 
ing in  size  from  the  ma.ximum  to  the  minimum.  A  more  ac- 
curate method  of  study  is  offered  by  the  analysis  curves  of  the 
grog  portions.  The  curve  of  the  strongest  mixture  is  different 
for  each  group  of  similar  mixtures.  It  may  be  a  parabola, 
t'llipsc  and  straight  line,  straight  line  alone,  or  of  some  other 
form.  Whatever  be  the  form,  the  curve  .shows  accurately  what 
the  ratio  of  sizes  shows  approximately :  that  the  mixture  is  so 
proportioned  that  the  smaller  sizes  fill  the  voids  most  completely. 
Analysis  curves  are  not  given  for  series  i,  2,  and  3  since  those 
for  series  4  and  5  (Figs.  14  and  15)  will  serve  to  explain  their 
use. 

Ordinates  represent  the  percentage  j)assing  screens  having 
openings  of  the  sizes  indicated  along  the  abscissse.  The  curves 
denoted  as  "Parabola"  are  Fuller's  curves  of  greatest  strength. 
In  series  4,  Fig.  14,  the  curves  for  bodies  having  greatest 
strength  lie  entirely  between  the  full  line  curves,  that  is  they 
follow  approximately  the  course  of  the  parabola.  In  series  5. 
Fig.  15,  it  is  seen  that  all  curves  lie  above  Fullers  parabola,  and 
strength  decreases  as  the  parabola  is  approached.  For  bodies 
which  contain  all  the  sizes,  the  maximum  strength  curve  is  ap- 
proximately the  curve  designated  "maximum." 

In  concUiding  the  discussion  of  the  drying  properties  there 
are  two  phenomena  to  be  exjjlained.  First,  porosity  of  bodies 
in  series  i,  2,  and  3  increases  because  the  larger  sizes  are  more 
dense  than  an  equal  weight  of  packed  smaller  sizes ;  also  the 
ratio  of  sizes  shows  that  the  voids  are  increased  by  the  mixture 
of  sizes.  In  series  4  the  particles  are  so  proportioned  that  the 
voids  are  decreased,  and  the  porosity  is  less.     Second  ;  strength 
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increases  in  series  i,  2,  and  3  with  increase  of  porosity.  This 
is  due  to  lack  of  bond  and  of  contact  between  clay  and  grog,, 
which  causes  small  cracks  which  decrease  in  size  with  decrease 
in  size  of  grog.  In  series  4  no  cracks  appear,  bond  is  good, 
and  strength  increases  with  decrease  of  porosity. 

Properties  in  the  Burned  State.  I-'igures  16  to  20  show 
the  relation  between  grog  composition  and  modulus  of  rupture 
of  bodies  burned  to  cone  14.  Table  III  gives  moduli  of  rup- 
ture ;uid  Table  I\'  porosities  of  bodies  burned  to  cone  12. 

In  scries  i  to  4  the  modulus  of  rupture  at  cone  12  bears 
an  approximate  relation  to  i)orosity.  The  strength-porosity 
curve  (Fig.  21)  consists  of  two  parts.  From  body  lA  (4-8 
grog)  to  bodies  in  series  3  (12-80  grog)  strength  increases  with 
increase  of  porosity,  due  to  small  cracks  developed  in  drying 
and  not  hoalins^  in  burning.  In  series  4  (20-dust  grog)  and 
part  of  series  3.  strength  decreases  with  increase  in  porosity, 
the  degree  of  vitrification  being  the  governing  factor.  In  series 
5  (4-dust  grog),  there  is  no  relation  between  porosity  and 
modulus  of  rupture.  Hence,  for  bodies  containing  grog  of 
different  sizes,  porosity  may  give  entirely  wrong  indications  of 
strength. 

Surface  factor,  however,  does  afford  an  accurate  means 
of  judging  the  strength  of  such  bodies.  In  Figs.  22  and  23 
surface  factor  of  the  grog  portion  of  the  bodies  is  plotted  against 
modulus  of  rupture.  The  curves  are  of  jiarabolic  form  in  the 
lower  portion  and  are  straight  lines  in  the  upper  portion.  The 
relation  is  more  exact  in  series  i  to  4  than  in  series  5.  This 
is  due  to  the  latter  containing  comparatively  large  particles  which 
are  not  dissolved  by  the  clav  to  anywhere  near  the  same  extent 
as  are  the  small  particles. 

Quenching  Tests  from  600'' C.  The  results  of  these  tests 
are  presented  in  Table  V  and  in  Fig.  24.  Bodies  retaining  the 
greatest  percentage  of  strength  were  those  in  series  2,  these 
of  course  overlapping  certain  portions  of  series  i  and  3.  Bodies 
containing  8-40  mesh  grog  in  the  pro])er  proportions  withstood 
the  treatment  best,  having  values  from  50  to  60  percent  strength 
retained.  The  bodies  in  scries  5  nearly  all  retained  a  smaller 
percentage  of  strength  than  those  in  series  2. 
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MODULUS  OF  RUPTURE 

s 

^ 

1 

■2 

i 

No. 

A 

.529 

716 

925 

1467 

749 

B 

087 

1000 

1428 

2400 

1548 

C 

549 

742 

1110 

1628 

1247 

D 

589 

935 

1353 

2074 

1624 

E 

660 

1167 

1623 

2518 

1954 

F 

659 

966 

14.39 

2.300 

1861 

G 

766 

1218 

1763 

2815 

2296 

H 

749 

11.58 

18.59 

2400 

2158 

I 

618 

923 

1300 

1915 

1656 

J 

784 

1219 

1953 

2863 

2617 

K 

684 

1210 

■  1823 

■  2417 

2632 

L 

705 

1100 

1496 

2208 

2135 

U 

925 

1467 

1866 

3007 

3007 

K 

!>2:? 

1300 

1915 

2808 

3198 

O 

742 

1110 

1628 

2268 

2744 

P 

716 

025 

1467 

1866 

2200 

TABLE    IV— POROSITY    OF    BODIES    BURNED    TO    CONE 


SERIES 

1 

2 

3 

i 

No. 

A 

19.8 

22.8 

24.0 

25.1 

22.5 

B 

21.7 

22.5 

24.3 

22.8 

22.0 

C 

20.5 

23.0 

25.0 

25.2 

22.7 

D 

21.0 

22.8 

24.1 

23.1 

21.0 

E 

22.8 

28.5 

24.6 

22.1 

21.9 

F 

21.8 

24.2 

24.3 

23.9 

22.7 

G 

22.9 

28.6 

24.5 

22.5 

91  9 

H 

22.5 

24.4 

24.3 

23.6 

20.3 

I 

21.4 

28.6 

25.1 

26.1 

23.6 

J 

23.6 

24.5 

24.6 

23.2 

21.0 

K 

22.3 

24.7 

24.7 

24.0 

21.6 

L 

22.6 

23.9 

25.1 

24.3 

21.4 

M 

24.0 

25.1 

26.5 

24.7 

24.7 

N 

23.6 

25.0 

26.1 

24.0 

22.6 

O 

23.0 

25.0 

25.2 

23.4 

22.6 

P 

22.8 

24.0 

25.1 

26.5 

25  T 
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Quenching  Tests  from  looo  C.  The  results  from  these 
tests  are  given  in  Table  VI  and  in  Fig.  24.  The  most  resistant 
bodies  were  found  in  series  i  and  2  (4-40  mesh  grog).  In  Fig. 
24  surface  factor  is  plotted  against  results  of  quenching  tests. 
The  results  for  600°  C.  agree  fairly  well  with  those  for  1000° C. 
In  general,  increase  of  surface  factor  causes  decrease  in 
resistance  to  sudden  heating  and  cooling.  The  first  part  of  the 
curve  (from  lA  to  iD,  etc.)  indicates  that  the  largest  size  grog 
was  too  large  for  the  briquettes  used  causing  spalling  and  de- 
struction of  the  body.  Four  standard  size  fire  brick  containing 
small  size  grog  ( through  20  mesh  or  finer)  were  heated  with 
the  briquettes  in  the  looo"  C.  quenching  tests.  These  cracked 
in  two  on  the  average  at  the  seventh  treatment.  Two  fire  brick 
containing  large  size  grog  (about  Yj,  inch)  cracked  or  spalled 
on  the  average  upon  the  25th.  treatment.  Hence,  standard  size 
brick  of  the  compositions  used  in  this  investigation  would  with- 
stand, on  account  of  their  dimensions,  two  or  three  times  the 
number  of  treatments  undergone  bv  the  briquettes. 

SUMMARY  OF  RESULTS 
In  order  to  obtain  fire  clay  bodies  having  highest  moduli 
of  rupture  in  the  raw  dried  state,  two  conditions  are  necessary : 
(i)  The  grog  must  not  be  too  large  so  that  it  forms. cracks,  or 
planes  of  weakness,  due  to  lack  of  the  clay  to  bind  such  large 
particles  together  perfectly.  (2)  The  grog  must  be  so  propor- 
tioned that  the  smaller  sizes  fill  the  voids  between  the  larger 
particles  giving  maximum  density  and  strength.  These  condi- 
tions are  met  in  series  4,  the  grog  portions  of  the  strongest  bodies 
having  the  following  limits  of  composition: 

2^^  to  66'-/'.,  percent  20-40  grog 
o  to  25  percent  40-80  grog 
.■^3' /:;  to  66'-'.  percent  80-dust 

For  all  bodies  used,  the  modulus  of  ru]iture  in  the  burned 
state  was  found  to  increase  with  the  surface  factor,  the  rela- 
tion being  represented  by  a  curve  whose  lower  portion  is  para- 
bolic in  form  and  whose  upper  portion  is  a  straight  line.  The 
rate  of  increase  of  strength  increased  with  the  temperature  of 
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SERIES         j                    1 

" 

3 

4 

5 

No. 

A 

34.2 

46.3 

50.0 

53.4 

46.6 

B 

48.5 

54.8 

42.5 

39.6 

40.8 

C 

38.8 

50.4 

50.6 

48.4 

51.7 

D 

40.6 

51.2 

48.7 

36.4 

47.9 

E 

43.9 

47.3 

45.9 

37.8 

42.4 

F 

48..-) 

49.5 

47.0 

36.9 

43.0 

c; 

4().o 

49.2 

39.7 

32.4 

30.5 

H 

4().(i 

54.. -i 

41.4 

36.8 

49.2 

1 

41.4 

50.0 

48.0 

41.8 

49.4 

J 

50.1 

57.6 

88.0 

.37.5 

27.5 

K 

55.0 

53.2 

42.5 

37.2 

35.2 

L 

58.3 

50.0 

46.9 

36.6- 

46.4 

M 

50.0 

53.4 

40.0 

14.3 

14.3 

N 

50.2 

48.0 

41.8 

31.4 

18.0 

O 

50.4 

50.6 

48.4 

37.8 

.34.0 

P 

46.3 

50.0 

53.4 

40.0 

55.3 

No. 

A 

8 

11 

10 

B 

0 

10 

lo 

C 

11 

1(1 

1" 

D 

12 

10 

;i 

E 

12 

(l 

lo 

F 

12 

H 

9 

G 

10 

s 

8 

H 

12 

11 

10 

I 

11 

Itl 

;t 

J 

14 

9 

! 

K 

13 

10 

1 

L 

12 

12 

i; 

M 

10 

8 

N 

10 

!1 

7 

O 

10 

10 

P 

11 

10 

- 
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Ijiiriiing-.  An  exact  relation  was  not  found  between  strength 
and  porosity  for  all  bodies  used.  The  strongest  bodies  were 
those  in  series  4  (20-dust  grog).  No  relation  was  found  be- 
tween strength  in  the  raw  state  and  in  the  burned  state.  In 
the  quenching  tests  from  6oo°C.  and  icioo°C.,  mixtures  of  larger 
sizes  of  grog  proved  best. 

Although  the  laboratory  investigation  has  not  been  supple- 
mented by  practical  work,  it  may  be  of  value  to  indicate  a  few 
methods  of  application.  Grog  for  glass  pots  and  similar  bodies 
may  contain  too  much  fine  or  intermediate  sized  material  caus- 
ing low  strength  and  cracking  in  drying.  The  composition  of 
20  mesh  grog  may  be  corrected  by  reference  to  Fig.  9.  The 
jjest  bodies  have  compositions  within  the  maximum  strength 
area  described  above.  These  had  moduli  of  rupture  of  from 
275  to  300  pounds  per  sqviare  inch  in  the  raw  state,  and  from 
3500  to  4400  pounds  per  square  inch  in  the  burned  state.  Point 
"X"  in  Fig.  9  represents  the  composition  shown  by  the  parabola 
of  Fig.  14.  Point  "Y"  represents  closely  the  composition  of 
grog  furnished  by  the  Harbison-Walker  Refractories  Company 
of  Pittsburgh,  Pa.,  for  the  investigation  of  Bleininger  and 
.Schurecht  on  European  plastic  fire  clays."  This  shows  that  grog 
may  be  ground  to  give  the  proportions  for  maximum  strength. 
Where  screening  into  separate  sizes  and  recombining  is  un- 
economical, this  may  be  accomplished  by  control  of  the  condi- 
tions of  grinding,  as  time,  size  of  openings  in  screen  plates, 
[iressure,  etc. 

The  question  of  sagger  loss  is  a  seriotis  one  in  many  plants. 
A  rcxiew  of  German,  French,  and  American  practice  discloses 
many  different  methods  of  sagger  manufacture.  Composition 
is  much  varied.  The  clays  used  are  of  all  grades  from  kaolins 
to  shales  and  possess  all  degrees  of  plasticity  and  refractoriness, 
necessitating  the  use  of  various  percentages  of  grog.  The  latter 
varies  in  composition  from  the  best  flint  fire  clay  to  used  bats 
of  various  degrees  of  disintegration. 

In  American  practice  grog  for  saggers  is  used  all  through 
3  to  6  mesh  screens,  while  German  and  French  manufacturers 
separate  it  into  two  or  three  sizes,  classified  roughly  as  fine, 
medium,  and  coarse.     There  is  a  wide  variation  in  the  propor- 
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lions  of  sizes  used,  there  being  apparently  no  fundamental  basis 
of  reason  for  compounding  the  mixtures.  In  general,  the  larger 
the  sagger  the  larger  are  the  sizes  of  grog  used.  In  many  in- 
stances additions  of  sawdust,  coal  powder,  quartz  sand,  alumina, 
or  other  materials  are  added  to  the  mixture  to  increase  porosity 
or  refractoriness.  Many  ingenious  methods  have  been  devised 
for  shaping,  molding,  and  reinforcing  saggers.  Machine-made 
saggers    are    found    to    be    more    satisfactory    than    hand-made. 


TKlA^X  j^M  C£^JiPC  yci.  Jf'-^ 


Semes  S 


The  temperature  of  burning  varies  much  and  has  considerable 
influence  u])on  the  length  of  life  of  the  sagger. 

In  attempting  to  apj)ly  the  results  of  this  investigation  to 
saggers,  the  size  of  grog  must  be  assumed  to  be  the  governing 
factor.  Otherwise,  the  application  might  go  far  astray.  Other 
factors  having  been  eliminated  the  grog  compositions  given  in 
Table  VII  seem  best  suited  for  saggers  having  walls  and  bot- 
toms one  inch  in  thickness. 
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TABLE  VII 

I    QUENCH- 

MODULUS 


COMPOSITION     or     GROG     M 
OF    SIEVE 

:SH 

PERCENT 
STRENGTH 
RETAINED 

f>00°c. 

TEST 

QUESCH- 

MENTS 
WITH- 
STOOD 
1000°C. 
TEST 

MODULUS 
OF          ( 
RUPTURE 

4-8          8-12 

12-20 

20-40 

40-80 

Group  I. 


IK 

20 

40 

40 

55.0 

13 

142 

1450 

IL 

20 

60 

20 

58.3 

12 

136 

1525 

y| 

20 

20 

60 

57.6 

9 

180 

2093 

2H 

33i 

33i 

33J 

54.5 

11 

162 

1901 

Group  II. 


3A 

100 

50.0 

10 

147 

1654 

3C 

66§ 

33* 

50.6 

10 

167 

1910 

3D    1 

60 

20 

20 

48.7 

9 

208 

2030 

3F    1 

40 

40 

20 

47.0 

9 

195 

2271 

31    ! 

33i 

66^ 

48.0 

9 

174 

2092 

3L 

20 

60 

20 

46,9 

6 

198 

2414 

30 

663 

33* 

48.4 

8 

203 

2695 

3P    1 
1 

100 

■■ 

53.4 

8 

183 

2402 

Ciroup  I  is  recommended  where  resistance  to  repeated 
heating  and  cooHng  is  desired  more  than  strength.  In  Group  II, 
resistance  to  repeated  heating  is  sacrificed  to  obtain  bodies  of 
greater  strength.  The  results  show  that  both  very  large  and 
very  fine  grog  are  undesirable  in  sagger  bodies  of  the  composi- 
tions used  in  this  investigation. 

In  conclusion,  the  writer  desires  to  cxjiress  his  thanks  to 
Prof.  .\.  v.  IMeininger,  Prof.  G.  H.  Brown,  and  Mr.  H.  G. 
Schurccht  for  their  co-operation  and  assistance  in  the  laboratory 
work  and  in  the  theoretical  discussion  of  the  results. 


DISCUSSION 

Mr.  Crciglitoii :  Mr.  Kirkpatrick  lias  given  us  some  very 
im]jortant  information.  It  seems  to  me  that  it  is  too  much  to 
really  digest  in  this  brief  period,  but  there  is  one  very  important 
thing  regarding  the  result  of  this  work,  which   it  seems  to  me 
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would  help  us  and  that  is  the  choice  or  criterion  of  tests,  whether 
they  might  be  compression  or  tension  or  shear.  You  have  chosen 
a  certain  test  for  this,  and  no  doubt  there  is  a  very  good  reason 
for  it.  I  am  interested  in  the  matter  because  I  am  just  going 
through  a  stage  in  the  development  of  some  cement  in  which 
the  compression  test  shows  almost  nothing  at  all  relative  to 
the  factors  I  am  investigating,  and  I  would  like  to  know  if  Mr. 
Kirkpatrick  has  gone  through  this  from  that  standpoint,  and 
has  chosen  this  particular  method  of  test  to  bring  out  something 
in  particular? 

Mr.  Kirkpatrick:  We  did  not  make  determinations  to  find 
out  which  would  be  the  better  test  of  strength.  The  modulus  of 
rupture  of  course  ought  to  be  made  on  pieces  which  are  com- 
paratively long  in  regard  to  their  cross  section,  and  in  regard 
to  clay  products,  I  do  not  think  it  has  ever  been  proven  that 
the  laws  which  apply  to  steel  and  to  other  metals  do  apply  ac- 
curately to  our  ceramic  bodies.  The  modulus  of  rupture  test  has 
been  considered  to  give  a  very  good  idea,  of  the  strength  since 
fluxural  strength  is  the  resultant  of  compressive,  tensile  and 
shearing  strength. 

Mr.  Creighton  :  Would  not  the  test  under  tension  give  a 
still  better  indication  of  the  strength  of  this  material  than  would 
be  given  by  the  test  made,  although  that  is  about  half  way  be- 
tween the  tension  and  the  compression?  I  have  a  feeling  that 
the  compression  test  gives  almost  no  indication  of  the  coherence 
of  the  material  and  its  real  strength. 

Mr.  Kirkpatrick:  That  is  entirely  possible,  but  it  remains  to 
be  proven.  For  fire-clay  bodies  I  think  that  before  we  could 
say  anything  definite  upon  that  point,  it  would  be  necessary  to 
actually  make  such  determinations. 

Mr.  Pence:  1  am  impressed  with  the  practical  nature  of 
the  modulus  of  rupture  test  here,  because  my  observation  in 
the  failure  of  sagger  bodies  to  which  this  is  particularly  ap- 
plicable, is  that  these  failures  come  about  through  strains  which 
are  brought  upon  the  sagger  in  much  the  same  way  as  this 
modulus  of  rupture  would  be  obtained,  and  these  failures  occur 
not  only  in  the  kiln,  but  they  occur  in  the  general  handling  of 
the  saggers  and  piling  them  up,  say  lO  high.     There  will  always 
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be  a  number  of  them  broken  through  strain  brought  about  by 
irregular  distribution  of  pressure  upon  the  sagger,  causing  it  to 
fail  about  the  same  way  as  you  have  obtained  this  modulus 
of  rupture.  I  would  like  to  ask  if  you  are  able  to  state,  in  con- 
clusion, whether  you  would  recommend,  for  fire  clay  body  pur- 
poses, the  large  grog  rather  than  the  fine  grog,  or  any  definite 
mixture  of  large  grog  and  fine  grog  in  the  compounding  of  sagger 
bodies? 

Mr.  Kirk  Patrick:  If  one  would  discuss  the  entire  question, 
it  would  take  up  too  much  time,  because  different  bodies  require 
different  compositions,  but  as  to  the  sagger  bodies,  I  would  say 
it  would  be  necessary  to  strike  a  mean  between  certain  properties. 
You  cannot  get  an  ideal  body,  and  all  you  can  do  is  to  come  as 
near  to  it  as  possible.  We  could  choose  a  body  sufficiently  strong 
in  the  dry  state  and  sufficiently  strong  in  the  burned  state,  and 
which  resisted  repeated  heating  and  cooling  to  a  high  degree. 

Mr.  Pence:  The  reason  I  asked  that  question  is  that  my 
experience  has  been  contrary  to  that  offered  by  some  who  have 
said  they  found  it  necessary  to  eliminate  fine  grog  and  use  only 
coarse  grog,  a  quarter  of  an  inch  and  upwards.  My  experience 
has  been  that  I  found  a  better  sagger  body  from  an  incorporation 
of  the  fine  grog  and  not  such  a  large  proportion  of  the  coarse. 

Mr.  Geo.  Broum:  I  think  that  this  was  due  in  part  to  the 
development  of  the  fine  hair  cracks  caused  by  the  large  particles 
of  grog,  and  that  by  reducing  the  size  of  the  grog  the  number 
of  these  cracks  was  decreased  hence  increasing  the  strength  of 
the  mixture. 

Mr.  Plnsch:     What  size  test  piece  did  you  use? 

Mr.  Kirkpatrick:  I  should  have  stated  that  in  the  first  place ; 
one  inch  by  one  by  seven  inches  for  the  drying  test,  with  a  six 
inch  span  for  the  raw  bodies;  the  broken  half  pieces  were  used 
with  2  inch  span  for  the  burned  bodies. 

Mr.  Phisch:  And  you  got  the  same  modulus  of  rupture 
from  all  coarse  and  all  fine  grog? 

Mr.  Kirkpatrick:     We  obtain  comparative  results. 

Mr.  Plusch:  In  using  coarse  grog,  the  surface  factor  would 
be  less  than  fine  grog,  consequently  you  would  have  less  clay 
binder. 
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Mr.  Kirkpatrick:    We  have  the  same  clay  binder  by  weight. 

Mr.  Plusch:  But  not  physically.  Looking  at  it  from  a 
practical  standpoint,  it  seems  to  me  that  it  would  be  very  essential 
to  find  the  right  sized  test  piece  for  each  size  of  grog  used ;  do 
you  get  my  point  on  that? 

Mr.  Kirkpatrick :  Yes,  from  the  entire  work  I  should  say 
that  the  size  of  the  test  piece  used  was  entirely  appropriate  except 
for  the  bodies  in  series  i,  that  is  those  which  contain  any  of  4-8 
sized  grog. 

Mr.  Plusch  :  And  that  is  the  body  which  most  of  us  who  are 
practically  interested  in  this  line  are  using.  I  think  it  is  the  ex- 
perience of  most  of  us  that  the  coarser  grog  gives  us  the  best  re- 
sults. In  fact  answering  Mr.  Pence's  question,  a  sagger  body 
made,  eliminating  the  fine  and  using  coarse  grog  on  the  same  basis 
you  are  using  50  percent  of  each  as  compared  to  one  using  fine 
grog  you  will  find  that  there  is  no  question  as  to  how  much  longer 
the  coarse  grog  body  will  stand  up.  Another  thing,  I  think  it 
would  be  well  to  suggest  to  the  Bureau  of  Standard,  that  in 
further  experiments  along  this  line,  the  modulus  of  rupture  be 
taken  not  only  after  the  first  burn,  but  to  see  how  many  burns  the 
piece  will  take,  and  what  the  modulus  of  rupture  is  after  i.  2,  3, 
4  and  successive  burns  of  the  kiln. 

Mr.  Kirkpatrick :  Yes,  that  is  very  good  idea  ;  we  would 
have  done  that  had  we  had  time. 

DISCUSSION    SUBMITTED   AFTER    READING   PAPER 

.1/)'.  Pence :  Since  reading  the  paper,  1  note  that  the  j^ropor- 
tion  of  grog  sizes  that  I  have  found  satisfactory,  corresponds  to 
those  recommended  by  Mr.  Kirkpatrick  in  Table  \'II  Group  I. 

Mr.  Kirkpatrick:  It  has  been  shown  by  Bleininger  and 
Howat  (  Trails.  Amcr.  Ceramic  Society  XI'I,  p.  275)  that  mo- 
dulus of  rupture  gives  more  uniform  results  for  strength  of  raw 
clay  bodies  than  do  compressive  or  tensile  strength.  Other  work 
has  shown  this  to  be  true  for  burned  bodies.  This  might  be  ex- 
pected since  bars  under  transverse  load  are  subject  to  forces  of 
shear,  tension  and  compression  and  the  modulus  of  rupture  or 
flexural  strength  results  from  a  combination  of  these  three  forces. 
For  the  jnirpose  of  the  present  investigation  the  flexural  strength 
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gives  a  better  all  around  idea  of  strength  than  is  obtained  in  any 
Other  manner. 

In  regard  to  the  size  of  test  pieces  used,  the  results  them- 
selves determine  whether  it  was  suitable  or  not.  The  i  in.  by  i  in. 
by  7  in.  bars  proved  satisfactory  for  all  tests  except  in  the  quench- 
ing tests  for  some  bodies  containing  4-8  grog.  The  work  would 
have  to  be  duplicated  a  number  of  times  if  the  effect  of  size  of 
test  pieces  were  determined. 

As  stated  under  "Summary  of  Results''  there  is  no  agree- 
ment among  sagger  users  as  to  the  best  size  of  grog.  This  varies 
with  different  conditions  in  the  manufacture  and  use  of  saggers. 
Considering  the  size  of  grog  as  the  governing  factor,  the  best 
bodies  for  saggers  of  i  inch  sides  and  bottoms  proved  to  be  those 
containing  4-80  grog  of  the  proper  proportion  of  sizes. 


THE      PRACTICAL      APPLICATION      OF      BRISTOL 

GLAZES  COMPOUNDED  ON  THE  EUTECTIC 

BASIS 

P.Y    AKTIIUK   S.    WATTS 

J 11  order  to  prove  the  [)ractical  application  of  the  Iiristol 
glaze  study  wliich  I  reported  last  year,  three  glazes  were  chosen 
from  the  area  designated  as  the  eutectic  area,  and  these  were 
tested  in  commercial  operations  over  as  broad  a  range  of  tem- 
perature as  was  possible.    The  glazes  tested  were  as  follows : 

A 

.4  K.C) 

.25  CaO  I,  .6  AUO3  —  3.47  SiO, 

.35  Z>i() 

Feldspar    60.87 

Whiting    6.25 

Zinc    oxide 7  •  7*J 

China    clay 7.06 

Rail  clay 7.06 

Mint     II  .00 

100.00 
B 

•35  K,,0 

.20  CaC)  I.  .565  AUO,  — 3.10  SiO„ 

.45  Zn(  ) 

Feldspar    57 -07 

Whiting   5.86 

Zinc    o.xide 10.69 

China   clay >^  •  1 5 

Rail    clay'. 8.15 

Flint    10.08 

100.00 
(301) 
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C 

•3  K,0  ) 

.3  CaO  1.534  ALO3  — 3.00  SiO, 
.4  ZnO  ) 

Feldspar    50.10 

Whiting 9.01 

Zinc  oxide 9-73 

China   clay 9 -07 

Ball  clay. 9.07 

Flint    13  02 

100.00 

These  were  all  applied  at  a  density  of  22  ounces  per  pint. 

Over  a  range  from  cone  3  to  cone  14.  these  glazes  have 
proven  practical.  Some  difficulty  has  arisen,  due  to  deficient 
mixing,  but  whenever  properly  ground  a  smooth  bright  coat  has 
resulted.  A  wide  variety  of  clays  has  been  glazed  with  appar- 
ently equal  success.  The  variation  in  ZnO  content  is  apparent  in 
the  whiteness  of  the  different  glazes,  but  even  at  cone  10  the 
opacity  of  all  three  is  sufficient  to  satisfactorily  mask  the  color 
of  a  buflf  clay.  At  cones  12  and  14  the  glazes  were  used  on 
electrical  porcelain  and  showed  almost  as  much  opacity  as  at 
cone  10.  At  cones  3,  4  and  5  these  glazes  all  produce  fine  smooth 
enamels,  suitable  for  novelty  pottery,  and  cooking  ware. 

In  no  case  has  any  evidence  of  crazing  been  noted,  and 
when  applied  at  a  density  of  less  than  23  oz.  per  pint,  no  tendency 
to  crawl  is  apparent.  These  glazes  will  not  heal  over  if  once 
their  surface  is  broken;  and  if  the  ware  has  loose  dust  on  the 
surface,  pin-holing  will  occur.  But,  if  employed  as  Bristol 
glazes  are  ordinarily  employed,  the  color  and  texture  of  these. 
glazes  was  found  to  remain  uniform  over  a  far  greater  range 
than  commercial  operations  require,  and  the  glazes  are,  there- 
fore, recommended  to  the  consideration  of  users  of  Bristol 
glazes. 


THE    RELATION    BETWEEN    THE    FUSION    POINT 

AND  THE  COMPOSITION  OF  REFRACTORY 

CLAYS 

\;\    K.    j.    MONTCO.MIiRV    AND   C.    K.    FUI.TON. 

The  ])ur])Ose  of  this  paper  is  to  present  a  summary  of  the 
test  results  obtained  in  quite  a  number  of  refractory  clays  and 
a  few  silica-clay  mixtures  giving  compositions  varying  from  i 
to  40  percent  alumina.  This  summary  shows  the  relative  in- 
fluence of  silica,  alumina  and  the  basic  fluxes  on  the  fusion 
point  or  what  might  be  more  properly  called  the  softening  point 
of  refractory  clays. 

Results  of  Tests.  In  connection  with  certain  commercial 
work  a  large  number  of  refractory  clays  were  tested.  These 
clays  include  practically  all  the  plastic  refractory  types,  such 
as  kaolins,  ball  clays,  bond  clays  (both  American  and  European) 
and  fire  clays:  fifty-seven  in  all.  These  are  practically  all 
very  fine  graine^I.  and  in  most  cases  at  least  95  percent  would 
])ass  a  200  mesh  screen  when  mixed  with  water  in  slip  form. 
In  order  to  extend  the  limits  of  composition  somewhat  further 
a  number  of  silica-clay  mixtures  are  also  included.  These  mix- 
tures are  somewhat  coarser ;  all  will  pass  a  20  mesh  screen  and 
35  to  40  percent  will  pass  thru  a  200  mesh  screen,  Tyler  Stand- 
ard. The  results  on  twenty-seven  commercial  samples  are  re- 
corded, two  plastic  clays  of  quite  different  character  being  used 
as  the  base.  Owing  to  the  fact  that  only  two  dilTerent  clays  are 
introduced,  only  the  general  indication  as  shown  by  these  can 
be  considered.  The  Table  I  gives  the  part  of  the  analysis  used, 
the  softening  point  and  other  data  used  in  this  paper. 

Under  the  head  of  calculated  values,  those  for  alumina  and 
silica  given  in  columns  5  and  6  were  obtained  by  adding  the 
columns  2  and  3  together  and  calculating  the  percent  of  each 
or  the  ratio  of  silica  to  alumina  based  upon  100.  In  Figure  I 
the  values  are  plotted  against  the  fusion  cone  of  the  clay  or 
silica-clay  mixture.     The  silica-alumina  cutectic  curve  as  given 
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TABLE   I 


ANALYSIS 

CALCULATED    VALUES 

FUSION 

CONES 

NO. 

BELOW 

sio. 

AI2O3 

FLUXES 

SiO; 

AI0O3 

FLUXES 

CURVE 

(1) 

(-') 

(3) 

(4) 

its) 

(6)                (7) 

(8) 

(9) 

percent 

percent 

percent 

percent 

percent 

percent 

cone 

1 

47.50 

35.80 

3.53 

57.0 

43.0 

4.07 

33— 

Va 

2 

42.97 

39.51 

0.70 

52.1 

47.9 

0.85 

33+ 

3 

57.11 

28.53 

3.03 

66.2 

33.8 

3.42 

30+ 

2K 

4 

76.45 

14.60 

3.35 

83.9 

16.1 

3.54 

26 

m 

5 

47.40 

36.06 

5.51 

56.8 

43.2 

6.21 

32+ 

2K2 

7 

50.58 

33.07 

5.50 

60.4 

39.6 

6.17 

31 

3 

8 

66.85 

18.77 

4.87 

78.2 

21.8 

5.38 

26+ 

4^ 

9 

73.07 

15.93 

5.43 

82.0 

18.0 

5.77 

26— 

4J4 

10 

58.11 

26.28 

5.89 

68.8 

31.2 

6.53 

29 

3/2 

11 

64.08 

21.35 

6.69 

75.0 

25.0 

7.27 

26— 

5Ka 

12 

57.99 

22.26 

9.59 

72.2 

27.8 

10.66 

15+ 

13^ 

13 

51.37 

31.38 

3.69 

62.1 

37.9 

4.27 

32—- 

2 

14 

63.38 

22.31 

5.77 

74.1 

25.9 

6.32 

28 

y/z 

15 

73.14 

18.27 

3.45 

80.1 

19.9 

3.64 

28 

iVz 

16 

47.66 

35.11 

3.39 

57.6 

42.4 

3.94 

33— 

m 

17 

73.31 

15.18 

2.95 

82.6 

17.4 

3.23 

27+ 

2% 

18 

54.42 

30.47 

4.18 

64.1 

35.9 

4.70 

31+ 

2 

19 

45.73 

37.80 

3.67 

54.7 

45.3 

4.22 

34— 

VA 

20 

57.05 

27.31 

8.13 

67.6 

32.4 

8.80 

20 

10 

21 

58.67 

26.96 

6.87 

68.4 

31.6 

7.42 

29 

3/2 

22 

51.89 

30.40 

2.45 

63.0 

37.0 

2.90 

32+ 

m 

23 

58.71 

28.03 

6.04 

67.6 

32.4 

6.52 

28 

4H 

24 

53.38 

29.86 

6.17 

64.1 

35.9 

6.89 

30 

3J4 

25 

45.23 

37.95 

4.77 

54.3 

45.7 

5.42 

33 

2 

26 

47.42 

37.09 

2.11 

56.0 

44.0 

2.44 

33+ 

VA 

27 

54.58 

26.76 

8.29 

67.2 

32.8 

9.25 

26- 

7 

28 

46.46 

31.32 

4.29 

59.7 

40.3 

5.23 

33'^ 

H 

29 

57.34 

28.50 

2.40 

66.8 

33.2 

2.72 

32/a 

'A 

30 

56.11 

28.21 

3.51 

66.5 

33.5 

4.00 

31>/2 

VA 

31 

57.47 

29.16 

3.52 

66.3 

33.7 

3.90 

31— 

2 

32 

68.41 

21.54 

2.86 

76.1 

23.9 

3.08 

30— 

VA 

33 

53.87 

29.12 

7.17 

05.0 

35.0 

7.94 

28 

5 

34 

59.22 

30.07 

3.76 

66.2 

33.8 

4.00 

32 

1 

35 

71.51 

18.86 

3.51 

79.2 

20.8 

3.74 

27+ 

3^ 

36 

54.72 

30.35 

4.28 

64.2 

35.8 

4.80 

32— 

VA 

37 

44.01 

40.80 

1.37 

52.0 

48.0 

1.59 

33+ 

* 

38 

51.80 

32.59 

3.46 

61.5 

38.5 

3.94 

32 

m 

39 

69.27 

21.07 

3.14 

76.7 

23.3 

3.36 

27 

4 

40 

47.04 

38.04 

.96 

55.2 

44.8 

1.10 

33^. 

^t 

41 

46.68 

37.96 

1.69 

55.1 

44.9 

1.96 

331.4 

'/2t 

42 

47.27 

34.85 

3.95 

57.6 

42.4 

4.59 

33+ 

VA 

43 

48.72 

31.89 

5.23 

60.3 

39.7 

6.10 

33 

1 

44 

53.87 

30.83 

3.84 

63.7 

36.3 

4.34 

33- 

Va 

45 

61.02 

26.32 

3.86 

70.0 

.30.0 

4.23 

31— 

VA 

*  Fusion   cone  above   32.  hut   not   definite  enough  to   obtain  valv: 
t  Fusion  cone  above  3314  —  Drop  of  Vz  cone  below  curve  is  ver 
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TABLE    I  — Concluded 


CALCULATED    VALUE 


I'LUXES  SIO; 


AlaOa  FLL'X 


percent 
64.72 
60.60 
47.33 

."iS  111! 


.5i).(7 
44.33 
44.92 
47.15 
66.35 


percent 
21.51 
25.98 
36.44 
■26.95 
■_'n,,-)3 
:;_'  37 
-'8 .  72 
34.68 
35.36 
38.43 
35.96 
18.58 


percent 
8.70 
2.71 
2.08 
2.97 
3.13 
2.96 
3.94 
5.09 
3.33 
2.58 
3.02 
5.63 


percent  \ 
75.1  I 
69.9 
56.5 
68.6 
77.2 
61.8 
66.2 
59.6 
55.7 
53.9 
56.7 
78.3 


percent 
24.9 
30.1 
43.5 
31.4 
22.8 
38.2 
33.8 
40.4 
44.3 
46.1 
43.3 
21.7 


percent 
4.12 
3.04 
2.43 
3.35 
3.38 
3.36 
4.44 
5.62 
4.00 
3.00 
3.51 
6.22 


cone 

30+ 

30+ 

33^ 

31+ 

30^ 

33 

32 

3:5— 

33+ 

33-/, 

34 

26 


IK 
Ya, 

1 

m 
m 

Ya 

m 


Silica  —  Clay 

Mixtures 

percent 

percent 

percent 

percent 

i 
percent  |  pe 

rcent  1     cone 

1 

83.30 

11.68 

87.8 

12.2     1 

...     1    28 

'A 

2 

87.80 

8.27 

91.2 

8.8 
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by  Sosman'  is  also  shown  for  comparison.  A  consideration  of 
the  sheet  shows  at  once  that  the  eutectic  Hne  is  a  boundary  or 
indicates  the  hmit  of  refractoriness  that  may  be  reached  with  a 
certain  siHca-alumina  ratio.  These  data  are  given  on  the  per- 
cent basis  and  not  on  the  molecular  equivalent  or  moleculer 
percent  basis  as  the  calculations  on  the  percent  basis  are  more 
simple  and  the  scales  used  in  plotting  are  better  proportioned. 

We  can  say  quite  definitely  from  Figure  i,  that  the  analysis 
may  show  the  limit  of  refractoriness  of  a  clay,  and  that  the 
silica-alumina  ratio  is  the  determining  factor  of  fundamental 
importance. 

The  fusion  point  of  many  of  the  clays  drops  consideraljly 
below  the  eutectic  line  and  is  caused  largely  by  the  basic  fluxes 
present  as  the  fineness  is  very  nearly  the  same  in  all  cases.  All 
clays  that  showed  any  considerable  residue  on  200  mesh  are 
not  included  in  this  list.  With  the  silica-clay  mixtures  the 
eutectic  line  is  followed  very  closely.  The  cause  of  this  will 
be  discussed  later. 

In  order  to  study  the  efifect  of  the  fluxes  in  the  lowering 
of  the  softening  point  the  number  of  cones  reduction  below  the 
eutectic  line  was  recorded  in  column  9  of  Table  I,  and  the 
actual  percent  of  the  fluxes,  based  on  the  dehydrated  clav  was 
calculated  and  recorded  in  column  7  of  Table  I.  This  was 
only  done  for  the  clays,  as  the  variation  of  the  fluxes  in  the 
silica-clay  mixtures  was  very  small.  As  w'as  said  before,  only 
two  clays  were  used  as  the  bases  of  these  mixtures,  and  the 
actual  fusion  point  in  no  case  fell  more  than  two  cones  below 
the  eutectic  line. 

In  Figure  2  the  relation  between  the  percent  fluxes  present 
in  the  clays  and  the  drop  below  the  eutectic  curve  in  cones  is 
shown.  A  heavy  line  curve  showing  the  average  efifect  is  given. 
While  the  general  shape  of  the  curve  is  unmistakable,  the  points 
are  considerably  bunched  and  indicate  that  some  other  factor 
of  importance  should  be  considered.  As  it  is  well  known  that 
the  activity  of  fluxes  is  influenced  by  the  silica-alumina  ratio 
the  clays  were  divided  into  four  groups  based  on  the  alumina 
content  as  given  in  column  6,  Table  I,  as  follows : 
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Alumina    t6   to   24   jiercent. 

Alumina   24   to    ^,2   i)ercent. 

Alumina   32   to   40  percent. 

Alumina  40  to  48  percent. 
The  results  were  again  plotted  as  shown  in  Figures  3-4-5-6. 
Unfortunately  the  points  are  not  numerous  enough  in  all  four 
groups  to  establish  the  curve  as  well  as  could  be  desired,  but 
the  general  curve  as  shown  is  unmistakable,  and  the  increased 
fluxing  effect  of  the  same  percent  of  base  on  a  high  silica  low 
alumina  clay  is  noticed.  In  Figure  7  the  four  curves  for  the 
various  groups  are  given  and  the  increasing  slant  is  shown. 

Discussion.  Owing-  to  the  lack  of  clay  samples  contain- 
ing from  8  to  16  percent  alumina  information  on  this  range 
was  not  obtained,  but  the  indications  are  that  as  the  eutectic 
point  is  approached  the  fluxing  effect  of  small  amounts  of  bases 
would  be  less,  as  the  clay  would  soften  as  a  whole  quite  sharply 
at  cone  26  instead  of  softening  more  slowly,  due  to  the  melting 
of  the  eutectic  mixture  and  solution  before  the  body  as  a  whole 
would  soften.  It  would  seem  that  with  14  to  18  percent  alumina 
as  expressed  in  column  6,  Table  I,  we  probably  have  the  max- 
imum efl^ect  of  small  percents  of  fluxes. 

With  less  than  8  percent  alumina  the  effect  of  the  fluxes, 
without  doubt,  decreases  (juite  rai)idly  as  the  alumina  de- 
creases. The  curve  is  not  drawn  in  Figure  7  as  the  data  at 
hand  does  not  warrant  it.  Ijiit  with  the  silica-clay  mixtures  plotted 
in  Figure  i.  the  softening  point  in  no  case  was  over  two  cones 
below  the  eutectic  line  while  the  percent  of  flux  was  in  some 
cases  as  high  as  4.5  percent.  From  this  we  should  judge  that 
the  curve  for  0-8  percent  alumina  would  be  about  the  same  as 
for  40  to  48  percent  alumina. 

Conclusions.  It  is  of  course  recognized  that  these  curves 
are  not  entirely  correct,  and  that  many  special  cases  will  be 
found  where  they  do  not  apply,  but  they  do  undoubtedly  apply 
to  the  samples  here  considered  in  showing  the  general  tendency 
and  the  effect  of  the  main  constituents  of  a  clay  on  the  soften- 
ing point.  It  also  shows  about  what  use  can  be  made  of  the 
chemical  analysis,  as  far  as  predicting  the  softening  point  is 
concerned.     The  following  main  points  are  brought  out. 
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I.     The  silica-alumina  eutectic  curve  limits  the  refractori- 
ness of  a  clay. 

The  drop  below  this  eutectic  line  in  cones  depends  pri- 


marily 

3 
rapidly 

4 


upon  the  percent  of  flux  present. 
As  the  amount  of  flux  increases,  its  activity  increases 


.About  14  to  18  percent  alumina  (based  on  alumina  plus 
silica  =  100)  will  give  the  maximum  activity  of  the  fluxes 
present.     ,/^_  A^  -^  (]Lyl^.^\^ 
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5.     With  high  silica  beyond  the  eutectic  point,  the  activity 
of  the  fluxes  decreases  rapidly. 


DISCUSSION   SUBMITTED   AFTER   READING  PAPER 

Mr.  Staley :     The  work  presented  in  this  paper  is  along  the 
same  lines  as  that  of  Ritcher\  Seger-,  Cramer^,  Rieke*.  Ludwig''', 

^  Inaug.   Diss.    Reprint,   2d   ed.,   Tonindvstr'.e  Ztg.,   p.   1S97. 

-  Collected    Writing,  p.  545. 

'  Toiiindiistrie  Ztg..  KS5,   pp.  633  and  647. 

*Sprechsaal.   .}.J.    pp.    198-2nn.    314-317,    2-29--232. 

^  Tonindustrie   Ztg..   2ti.    p.    773. 
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I<"Iach",  and  others.  I'.y  plotting  their  results  with  reference  to 
the  silica-ahmmia  fusibility  line,  the  authors  have  made  evident 
the  relation  between  composition  of  fire  clays  and  their  fusion 
temperature. 

In  using  percents  instead  of  empirical  formulae  for  plotting 
their  results,  they  are  supported  by  the  finding  of  Rieke  and 
Flasch,  that  "equimolecular"  amounts  of  the  various  fluxing 
oxides  do  not  have  the  same  eflfect  on  fusibility.  It  would  be  in- 
teresting, however,  to  know  if  their  results  would  be  more  con- 
sistent if  empirical  formulae  were  used. 

If  a  simple  rule  for  determining  the  fusibility  of  fire  clays 
based  on  ultimate  chemical  analysis  can  be  devised,  it  will  mean 
that  the  state  of  combination  of  the  various  elements  present  can 
be  ignored.  Of  course  we  know  that  in  constitution  a  clay  is  not  a 
mixture  of  AUOg,  SiO,  and  fluxing  oxides.  On  the  other  hand,  a 
clay  is  composed  of  minerals  in  which  the  individual  element? 
shown  in  this  arbitrary  arrangement  into  oxides  are  grouped  in 
various  combinations.  The  fusibility  of  a  clay  is  supposed,  ac- 
cording to  physical  chemical  reasoning,  to  depend  on  the  physical 
and  chernical  characteristics,  number,  and  proportions  of  these 
various  minerals.  It  may  be  that  these  factors  can  be  ignored 
and  that  the  fusibility  of  a  clay  is  simply  a  matter  of  percentage 
composition;  Init  if  this  is  proven,  it  will  call  for  some  radical 
changes  in  our  ideas  of  the  physical  chemistry  of  fusion 
phenomona. 

Air.  Rics:  As  the  authors  state,  practically  all  the  clays  con- 
sidered by  them  were  very  fine-grained  ones,  and  upon  this  it 
seems  to  me  largely  depends  any  uniformity  of  results  which  they 
may  obtain.  A  second  factor  will  be  the  uniformity  of  distribu- 
tion of  the  several  ingredients.  If  we  are  sure  of  these  two,  we 
can  use  a  chemical  analysis  for  interpretations  regarding  possible 
degree  of  refractoriness,  but  unless  these  data  accompany  an 
analysis  or  are  known  to  us,  the  use  of  the  chemical  composition 
is  in  my  opinion  unsafe,  and  mnvarranted  for  any  ceramic  pur- 
pose. 


'Sprechsaal,   ij,    pp.    1TM73.    1S7-1S9.   an.l-'in-.    219--221. 


A    STUDY    OF    THREE    COMPONENT    NORMATIVE 
SYSTEMS  IN  RAW  LEAD  GLAZES 

BY    WM.    G.    WHITFORD,    CHICAGO,    ILLINOIS. 

The  first  notice  of  the  use  of  norms  in  the  calculation  of 
|;lazes  was  made  by  Staley  in  the  Tratisactions  of  the  American 
Ceramic  Society,  Vol.  XIII.  p.  126,  in  which  he  states  that, 
"This  is  an  adaptation  of  the  quantitative  classification  of  the 
igneous  rocks.'  The  basic  idea  of  this  classification  is  that  the 
salts  in  solution  in  rock  magmas  may  properly  be  considered 
to  have  the  composition  of  those  minerals  which  separate  and 
crystallize  when  the  magmas  solidify.  The  'Xorm'  of  a  rock 
magma  is  its  standard  mineral  constitution,  as  calculated  by 
this  method."' 

Since  this  time,  this  method  has  been  used  in  several  in- 
vestigations that  have  been  presented  to  the  Society.  Purdy 
used  this  method  of  calculation  in  "A  Study  of  Glaze  Composi- 
tion on  the  Bases  of  'Norms'  ",  Trans.  Amer.  Cer.  Soc,  Vol. 
XIV,  p.  95.  In  the  discussion  of  this  paper,  it  was  clearly 
brought  out  by  Bleininger  and  Purdy,  that  care  must  be  taken 
not  to  assume  that  the  norms  used  are  minerals  actually  formed 
in  the  glaze,  Professor  Bleininger  being  of  the  opinion  that  we 
did  not  have  enough  data  at  that  time  to  justify  the  use  of  the 
normative  system  of  calculation  in  glazes. 

This  method  was  used  by  Potts  in  an  article  entitled,  "Notes 
on  Mat  Glazes,"  Trans.  Amer.  Cer.  Soc,  Vol.  XV,  p.  628.  In 
a  discussion  of  this  paper,  Bleininger  called  attention  to  the 
fact  that  Shumacker  used  this  system  in  calculating  glazes  be- 
fore the  time  of  Seger.  Staley  made  the  following  statement 
as  to  the  use  of  the  normative  system  of  calculation.  "In  re- 
gard to  the  norm  constitution  of  glazes,  I  stand  sponsor  for  this 
in  a  way,  being  the  first  one  to  suggest  it  in  our  Transactions. 
I  might  say  that,  to  my  mind,  it  is  a  method  of  calculation  pure 


^  Quantitative    Classification    of   Igneous    Rucks   by    Cross,    Iddings,    Pii 
Washington,   University  of  Chicago  Press. 
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and  simple.  It  is  a  means  of  obtaining  an  end.  I  do  not  be- 
lieve anyone  has  ever  claimed  that  these  minerals  do  positively 
form.  It  is  simply  a  method  of  calculation  which  amounts  to 
variation  of  groups  of  o.xides  rather  than  variation  of  single 
oxides,  as  is  the  case  in  the  ordinary  empirical  formuls."  This 
statement  embodies  the  belief  of  the  present  author  in  regard 
to  the  use  of  norms  in  glaz  work. 

In  Vol.  XVIII,  p.  424,  Trans.  Amer.  Cer.  Soc.  Watts 
presents  an  article  entitled  "A  Study  of  Bristol  Glazes  Com- 
pounded on  the  Norm  Piasis."  The  use  of  norms  has  been  used 
in  part  in  several  other  investigations  reported  in  the  Trans- 
actions. 

In  plaiiiiinq;  tiic  jiresent  investigation,  care  was  taken  to 
choose  normative  end  members  which  were  quite  simple  in  com- 
position and  between  which  we  had  every  reason  to  believe 
there  would  be  no  chemical  reaction  and  no  compounds  formed. 
This  gives  us  a  large  series  of  glazes  in  which  the  normative 
composition  varies  in  regular  manner  and  reduces  to  a  minimum 
the  necessity  for  making  assumptions  in  regard  to  mineralogical 
composition  in  exjilaining  variation  in  ]ihysical  properties. 

ANORTHITE  SERIES 

In  this  series  the  normative  end  members  were : 
K,0,  A1,0.„  6  SiO„.  Orthoclase,  potash  feldspar, 
CaO,    Al.O.,,    2    SiOo,    Anorthite,    made    from    i    formula 
weight  of  whiting  and  i  formula  weight  of  Xorth  Caro- 
lina kaolin. 
PbU,    Si(  )^.,    Lead    nictasilicate.    made    from     i    e(|uivalent 
(1/3    foruuila    weight)    of    white   lead    and    i    formula 
weight  of  flint. 

On  account  of  the  difficulty  of  floating  a  glaze  containing 
no  clay,  the  line  of  compositions  shown  in  Fig.  i  consisting  of 
mixtures  of  orthoclase  and  lead  metasilicate  was  not  made  up. 
Glaze  Nos.  i,  lo  and  55  were  ground  in  large  quantities,  and 
the  other  members  of  the  series  were  made  from  blends  of  these. 

The  compositions  and  empirical  formulne  are  given  in 
Table  1.  the  batch  weights  in  Table  II.  The  glazes  were  ap- 
plied to  white  wall-tile  biscuit. 
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The  textures  developed  at  cones  05.  02.  i  and  3.  in  oil-fired 
muffle  laboratory  kilns  in  burns  varying  from  12  to  16  hours, 
are  shown  in  Figures  I,  2.  3  and  4.  The  glazes  indicated  as 
Bristol  type  in  these  figures  are  not  necessarily  good  stone- 
ware, glazes,  but  are  more  or  less  opaque  and  have  a  lustre  cor- 
responding   to    that    of    glazes    ordinarily    used    for    stoneware. 


TABLE    I— ANORTHITE    SER  I  ES  —  COM  POSIT  ION    OF    GLAZES 
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8 

4.2 

2.47 

14 

.2 

'3 

■  2     i 

■5 

7 

3.7 

2.38 

I--) 

.4 

.2 

.4 

.2    1 

4 

6 

3.2 

2.28 

l(i 

.3 

.2 

.5 

3 

5 

2.7 

2.18 

17 

2 

2 

.6 

'2 

2 

4 

2.2 

2.00 

18 

.'1 

2 

7 

2 

1 

3 

1.7 

1.79 

111 

2 

'.8 

'2 

• 

2 

1.2 

1..50 

■2\ 

.6 

'.3 

.3 

G     1 

9 

4.3 

2.32 

■>2 

.0 

.3 

.3 

5 

8 

3.8 

2.23 

23 

.4 

.3 

.3 

4 

7 

3.3 

2.12 

24 

.3 

.3 

.3 

3 

6 

2.8 

2.00 

2.5 

2 

.3 

.3 

2 

5 

2.3 

1.84 

21; 

A 

.3 

.3 

1 

4 

1.8 

1.G3 

27 

.3 

.3 

3 

1.3 

1.37 

29 

.5 

.4 

.4 

■5 

9 

3.9 

2.10 

3i» 

.4 

.4 

.4 

4 

8 

3.4 

2.00 

31 

.3 

.4 

.4 

3 

7 

2.9 

1.87 

32 

2 

.4 

.4 

2 

6 

2.4 

1.71 

33 

^1 

.4 

.4 

1 

5 

1.9 

1..52 

34 

.4 

.4 

4 

1.4 

1.27 

39 

;i 

.h 

.5 

i 

G 

2.0 

1.43 

40 

..5 

..5 

■5 

1.5 

1.20 

4". 

.6 

.0 

G 

1.6 

1.14 

'.'. 

1.0 

" 

1.0 

'.    1  1.0 

1 

2  0 

1.00 
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WHITE 

NO. 

LEAD 

WHITING 

FELDSPAR 

KAOLIN 

FLINT 

TOTAL 

1 

10.0 

501.3 

25.8 

537.1 

2 

25.' 8 

10.0 

445.6 

25.8 

'6.0 

513.2 

3 

51.6 

10.0 

389.9 

25.8 

12.0 

489.3 

4 

77.4 

10.0 

334.2 

25.8 

18.0 

465.4 

5 

103.2 

10.0 

278.5 

25.8 

24.0 

441.5 

6 

129.0 

10.0 

222.8 

25.8 

30.0 

417.6 

7 

154.8 

10.0 

161 . 1 

25.8 

36.0 

387.7 

8 

180.6 

10.0 

111.4 

25.8 

42.0 

309.8 

9 

206.4 

10.0 

55.7 

25.8 

48.0 

345.9 

10 

232.2 

10.0 

25.8 

54.0 

322.0 

12 

25.8 

20.0 

389^9 

51.6 

6.0 

493.3 

13 

51.6 

20.0 

334.2 

51.6 

12.0 

469.4 

14 

77.4 

20.0 

278.5 

51.6 

18.0 

445.5 

15 

103.2 

20.0 

222.8 

51.6 

24.0 

421.6 

16 

129.0 

20.0 

161.1 

51.6 

30.0 

391.7 

17 

154.8 

20.0 

111.4 

51.6 

36.0 

373.8 

18 

180.6 

20.0 

55.7 

51.6 

42.0 

349.9 

19 

206.4 

20.0 

51.6 

48.0 

320.0 

21 

25.8 

30.0 

334!  2 

77.4 

6.0 

473.4 

22 

51.6 

30.0 

278.5 

77.4 

12.0 

449.5 

23 

77.4 

30.0 

222.8 

77.4 

18.0 

425.6 

24 

103.2 

30.0 

161.1 

77.4 

24.0 

395.7 

23 

129.0 

30.0 

111.4 

77.4 

30.0 

37  r.  8 

26 

154.8 

30.0 

55.7 

77.4 

36.0 

333.9 

27 

180.6 

30.0 

77.4 

42.0 

330.0 

29 

25.8 

40.0 

278!  5 

103.2 

6.0 

453.5 

30 

51.6 

40. 

222  8 

103.2 

12.0 

429.6 

31 

77.4 

40. 

161.1 

103.2 

18.0 

399.7 

32 

103.2 

40. 

111.4 

103.2 

24.0 

381.8 

33 

129.0 

40. 

55.7 

103.2 

30.0 

357.9 

34 

154.8 

40. 

103.2 

36.0 

334.0 

39 

103.2 

50. 

55!7 

129.0 

24.0 

361.9 

40 

129.0 

50. 

129.0 

30.0 

338.0 

45 

103.2 

60. 

154.8 

24.0 

342.0 

55 

100. 

258.0 

358.0 

There   i.s   a   ])ossiliility   that    such   glazes   might   be   used    in    art 
pottery. 

In  each  of  the  areas  plotted,  all  of  the  glazes  were  not 
ec|ually  mature  or  of  equally  desirable  texture  and  lustre.  The 
plotting  simply  indicates  that  these  glazes  fell  into  one  of  the 
five  classes  indicated.  In  many  cases  it  was  found  that  a  glaze 
would  be  mature  enough  at  a  low  temperature  to  be  considered 
a  good  mat  or   I'.ristnl  type,  but  as  the  temperature  was  raised 
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it  would  turn  into  a  slightly  immature  bright  glaze  containing 
a  considerable  amount  of  pin-holes  and  bubbles. 

Variation  in  Composition:  Increase  of  lead  silicate  with 
corresponding  decrease  of  feldspar  makes  the  glazes  more  fluid, 
of  higher  gloss,  more  yellow  and  tends  to  turn  Bristol  type  and 
semi-mat  glazes  into  bright  glazes.  In  this  case  the  semi-mat 
glazes  are  in  all  probability  immature  bright  glazes.  In  mat 
glazes  it  tends  to  produce  a  coarser  grained  texture,  but  in  no 
case  in  this  series  did  it  turn  a  true  mat  into  a  bright  glaze. 

Increase  of  lead  silicate  and  decrease  of  anorthite  increase 
the  fusibility  of  the  glaze  very  markedly.  It  increases  the  ten- 
dency to  yellow  color  and  tends  to  change  mat  glazes  into  semi- 
mats,  and  semi-mats  and  Bristol  type  glazes  into  bright  glazes. 

It  is  noteworthy  that  the  gradation  in  properties  of  the 
various  glazes  varied  in  regular  order  with  composition,  from 
end  member  to  end  member. 

Variation  of  Temperature:  Increase  of  temperature 
tends  to  increase  the  area  of  bright  glazes  centering  around  the 
lead  silicate  nonn  corner  of  the  charts,  the  semi-mats  and  Bristol 
type  being  changed  into  bright  glazes,  the  mats  into  semi-mats, 
and  the  area  for  mat  glazes  being  shifted  to  a  higher  content 
of  anorthite,  among  what  were  the  immature  glazes  at  a  lower 
temperature. 

The  Mat  Glaze  Area:  In  this  study  it  appears  that  at 
least  .3  equivalent  of  anorthite  norm  was  necessary  for  the 
production  of  a  true  mat  at  cone  02,  and  at  least  .4  equivalent 
of  anorthite  norm  for  a  true  mat  at  cone  3.  This  indicates 
that  matness  is  a  function,  in  part,  of  composition  and  in  part 
of  temperature.  It  must  be  remembered  that  increase  of  anor- 
thite norm  really  means  an  increase  of  clay  and  whiting.  The 
matness  may  be  due  simply  to  the  increase  of  clay  as  has  been 
claimed  by  some  writers. 

A  line  running  from  the  lead  silicate  apex  of  the  triangle 
to  glaze  Xo.  30  in  the  figures  touches  all  the  glazes  having  an 
oxygen  ratio  of  i  :2.  Those  above  the  line  have  an  oxygen  ratio 
higher  than  i  :2,  those  below  have  an  oxygen  ratio  lower  than 
I  :2.  By  reference  to  the  chart  it  will  be  seen  that  all  the  true 
mats  have  an  oxygen  ratio  of  less  than   i  :2,  but  there  are  also 
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(|tiitc-  a  niinil)(.T  of  bright  glazes  which  have  an  oxygen  ratio 
of  less  than  i  :2.  It  thus  seems  that  there  is  no  definite  rela- 
tion between  oxygen  ratio  and  matness  in  this  series.  At  each 
temperature  the  line  dividing  mat  glazes  from  semi-mat  and 
bright  glazes  is  fixed  by  a  certain  minimum  anorthite  norm 
content. 

WOLLASTONITE  SERIES 

In  this  series  the  norms  ciiosen  as  end  members  were: 

K.O,   AUO3,  6  SiO,,  Orthoclase,  potash    feldspar 

CaO,  SiO.,,  Wollastonite,  made  from  i  formula  weight  of 
whiting  and   i    formula  weight  of  dint 

PbO,  SiO^.  lead  metasilicate,  made  from  i  equixalent  (  1/3 
formula  weight)  white  lead  and  r  formula  weight  of 
flint. 

( )wing  to  the  dil'ticulty  of  floating  glazes  containing  no  clay, 
i/io  formula  weight  of  anorthite  (made  from  i  formula  weight 
of  North  Carolina  kaolin  and  i  formula  weight  of  whiting)  was 
incorporated  in  each  of  the  glazes  that  were  made  up. 

The  normative  compositions  and  empirical  formuke  of  this 
series  are  given  in  Table  HI,  the  batch  weights  in  Table  I\'. 
The  textures  developed  arc  shown  in  Figures  5.  6.  7  and  8. 

Variation  in  Composition:  Increase  of  lead  silicate  norm 
and  decrease  of  feldspar  give  the  same  results  as  it  did  in  the 
anorthite  series.  It  makes  the  glazes  more  fluid,  of  higher  gloss 
and  more  yellow. 

Increase  of  lead  silicate  and  decrease  of  wollastonite  make 
the  glazes  more  fluid,  more  yellow  and  tend  to  change  the  mat 
glazes  to  semi-mats,  and  the  semi-mats  and  Bristol  types  to 
bright  glazes. 

Increase  of  wollastonite  and  decrease  of  feldspar  seem  to 
have  little  effect  upon  maturity,  ("dazes  low  in  lead  tend  to 
liroduce  semi-mats  and  mats. 

Variation  of  Temperature:  Increasi'  of  temperature  in- 
creases the  area  of  bright  glazes,  pushing  the  area  of  semi- 
mats  and  mats  over  towards  the  wollastonite  corner  of  the 
series.  Taken  as  a  whole,  the  wollastonite  series  is  a  great  deal 
more  fusible  than  the  anorthite  .series  and  produces  a  larger 
])roportion  of  bright  glazes. 
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TABLE      III  —  WOLLASTONITE     SERI ES  —  COMPOSITION     OF     GLAZES 


KO.M.T.VH     COMPOS.,0. 

EMPIRICAL 

PORMUL 

.E 

NO. 

ORTHO- 

ANOR- 

WOLLAS- 

LEAD 

RATIO 

CLASH 

THITE 

TONITE 

SILICATE          ■'bo 

cao          K 

oo        a1 

2O3 

sio. 

1 

.9 

1 

1 
•             1 

9        1 

.0 

5.6 

2.80 

2 

.8 

1 

i 

8 

9 

5.1 

2.75 

3 

.7 

2 

2 

7 

8 

4.6 

2.70 

4 

.6 

3 

3 

6 

7 

4.1 

2.65 

•5 

.5 

4 

4 

5 

6 

3.6 

2.6 

6 

.4 

5 

o 

4 

5 

3.1 

2.5 

7 

.3 

1         1 

(1 

6 

3 

4 

2  6 

2.4 

8 

.2 

7 

7 

9- 

3 

2.1 

2.2 

9 

.1 

8 

8 

1 

2 

1.6 

2.0 

10 

9 

9 

1 

1.1 

1.7 

12 

.7 

1. 

1 

1 

.2 

7 

8 

4.6 

2.70 

13 

.6 

1 

2 

2 

.2 

6 

7 

4.1 

2.64 

14 

.5 

1 

3 

3 

.2 

5 

6 

3.6 

2.57 

15 

■i     1 

1         1 

1        1 

4 

4 

■> 

4 

5 

3.1 

2.48 

16 

.3     1 

1 

.") 

5 

'.2 

3 

4 

2.6 

2.36 

17 

2 

1 

6 

6 

2 

2 

3 

2.1 

2.21 

18 

A 

1        i 

7       1 

2 

1 

2 

1.6 

2.00 

19 

..     1 

1        1 

8      1 

8 

.2 

1 

1.1 

1.69 

21 

.6 

■^       1 

1 

1 

.3 

6 

7 

4.1 

2.64 

22 

.5 

2     1 

2 

2 

.3 

5 

6 

3.6 

2.57 

23 

.4 

2     1 

3 

3 

.3 

4 

5 

3.1 

2.48 

24 

.3 

2     1 

4 

4 

.3 

3 

4 

2.6 

2.36 

15 

-i     \ 

1 

4 

4 

2 

4 

5 

3.2 

2.48 

25 

.2     \ 

2 

.") 

5 

^3 

2 

3 

2.1 

2.21 

26 

.1 

2     j 

6 

6 

.3 

1 

2 

1.6 

2.00 

27 

2 

7 

7 

.3 

1 

1.1 

1.69 

29 

.5 

3 

1 

1 

.4 

5 

fi 

3.6 

2.57 

30 

.4 

1         1 

3 

2 

2 

.4 

4 

5 

3.1 

2.48 

31 

.3 

3 

3 

3 

.4 

3 

4 

2.6 

2.36 

32 

2 

1         1 

3 

4 

4 

.4     1 

2 

3 

2.1 

2.21 

33 

A 

1 

3 

5 

5 

.4 

1 

2 

1.6 

2,00 

34 

3 

6 

6 

.4 

1 

1.1 

1.69 

37 

[h 

4 

2 

2 

.5 

3 

4 

2.6 

2.36 

38 

0 

4 

3 

3 

.5 

2 

3 

2.1 

2.21 

39 

•1     1 

4 

4 

4 

.5 

1 

2 

1.6 

2.00 

40 

•  ■     1 

1         1 

4     [ 

o       1 

5 

.5     1 

1 

1.1 

1.69 

43 

•  2    1 

•j     1 

2       1 

2 

.6 

2 

3 

2.1 

2.21 

44 

•  I     1 

1         j 

5     1 

••^      1 

3 

.6 

1 

2 

2.1 

2.21 

45 

•  •     i 

1         1 

4 

4 

.6 

. 

1 

1.1 

1.69 

48 

■  1     1 

6 

2 

2 

.7 

1     1 

2 

1.6 

2.00 

49 

•  ■     1 

6 

3 

3 

.7 

1 

1.1 

1.69 

52 

7 

2 

2 

.8 

1 

1.1 

1.69 

55 

9 

1 

1.0 

1 

1.1 

1.69 
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WHITE 

NO. 

LEAD 

WHITING 

FELDSPAR 

KAOLIN 

FLINT 

TOTAL 

1 

10.0 

501.3 

25.8 

537.1 

2 

25.8 

10.0 

445.6 

25.8 

'e'.o 

513.2 

3 

51.6 

10.0 

389.9 

25.8 

12.0 

489.3 

4 

77.4 

10.0 

334.2 

25.8 

18.0 

465.4 

5 

103.2 

10.0 

278.5 

25.8 

24.0 

441.5 

ti 

129.0 

11 1.0 

222.8 

25.8 

30.0 

417.6 

7 

1.54.8 

10.0 

161.1 

25.8 

36.0 

387.7 

8 

180.6 

lii.O 

111.4 

25.8 

42.0 

369.8 

9 

206.4 

10.0 

.■]5.7 

25.8 

48.0 

345.9 

10 

232.2 

10.0 

.... 

25.8 

54.0 

322.0 

12 

25.8 

20.0 

.389.9 

25.8 

12.0 

473.5 

13 

51.6 

20.0 

334.2 

25.8 

18.0 

449.6 

14 

77.4 

20.0 

278.5 

25.8 

24.0 

425.7 

15 

103.2 

20.0 

222.8 

25.8 

30.0 

401.8 

lb" 

129.0 

20.0 

161.1 

25.8 

86.0 

371.9 

17 

154.8 

20.0 

111.4 

25.8 

42.0 

354.0 

18 

180.6 

20.0 

55.7 

25.8 

48.0 

330  1 

19 

206.4 

20.0 

25.8 

54.0 

306.2 

21 

25.8 

30.0 

334  >i 

25.8 

18.0 

4.33.8 

22 

51.6 

30.0 

278.5 

25.8 

24.0 

409.9 

23 

77.4 

30.0 

222.8 

25.8 

30.0 

386.0 

24 

103.2 

30.0 

161.1 

25.8 

36.0 

356.1 

25 

129.0 

30.0 

111.4 

25.8 

42.0 

338  2 

26 

1.54.8 

.30.0 

•55.7 

25.8 

48.0 

314.3 

27 

180.6 

3(1.0 

25.8 

54.0 

290.4 

29 

25.8 

40.0 

278  .'-5 

25.8 

24.0 

394.1 

30 

51.6 

40.0 

222.8 

25.8 

30.0 

370.2 

31 

77.4 

40.0 

161.1 

25.8 

36.0 

340.3 

32 

103.2 

40.0 

111.4 

25.8 

42.0 

322.4 

33 

129.0 

40.0 

So .  7 

25.8 

48.0 

298.5 

34 

1.54.8 

40.0 

25.8 

54.0 

274.6 

37 

51.6 

50.0 

i6i!i 

25.8 

36.0 

324.5 

38 

77.4 

50.0 

111.4 

25.8 

42.0 

306.6 

39 

103.2 

50.0 

55 . 7 

25.8 

48.0 

282.7 

40 

129.0 

.50.0 

25.8 

54.0 

2.58.8 

43 

51.6 

60.0 

iii'.4 

25.8 

42.0 

290.8 

44 

77.4 

60.0 

55 . 7 

25.8 

48.0 

268.9 

45 

103.2 

60.0 

25.8 

54.0 

243.0 

48 

51.6 

70.1) 

.5.5:7 

25.8 

'48.0 

251.1 

49 

77.4 

70.0 

25.8 

54.0 

227  2 

52 

51.6 

80.0 

25.8 

54.0 

21K4 

55 

100.0 

25.8 

54.0 

179.8 

In  this  series  there  is  an  indication  of  a  slight  eutectic  effect. 
The  glazes  having  a  medium  amount  of  woUastonite  norm  and 
orthoclase  are  slightly  more  fusihle  than  those  high  in  either 
one  of  these  ingredients  and  having  the  same  lead  silicate  con- 
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tent.  This  is  indicated,  in  the  Figures  by  the  fact  that  in  the 
region  of  medium  amounts  of  wollastonite  and  orthoclase,  the 
area  of  bright  and  Bristol  type  glazes  projects  farther  away 
from  the  lead  silicate  corner  than  it  does  in  adjoining  regions. 

Mat  Glaze  Area.  The  lines  of  equal  oxygen  ratio  in  this 
series  run  horizontally  across  the  chart,  the  line  of  oxygen  ratio 
I  :2  runs  from  No.  9  to  No.  48.  The  glazes  on  the  base  line 
have  an  oxygen  ratio  of  i  ii.Gg.  By  reference  to  the  charts  it 
will  be  seen  that  we  had  from  three  to  five  glazes  in  each  burn 
that  came  bright  at  an  oxygen  ratio  of  1.69  and  one  or  two 
glazes  that  came  mat  or  semi-mat  with  ah  oxygen  ratio  of  1:2. 
One  glaze,  (No.  43)  came  semi-mat  at  cone  3,  altho  it  had 
an  oxygen  ratio  of  1:2.21.  In  this  series  then,  while  all  mat 
and  semi-mat  glazes  had  a  comparatively  low  oxygen  ratio,  a 
considerable  number  of  glazes  came  bright  with  an  oxyen  ratio 
of  less  than  1.2.  Alatness  seems  to  be  a  function  of  tempera- 
ture and  composition.  A  minimum  content  of  wollastonite  being 
necessary  for  each  temperature.  Thus  the  line  separating  the 
semi-mat  glazes  from  the  bright  glazes  is  fi.xed  on  the  charts 
by  the  position  of  this  amount  of  wollastonite  and  not  by  any 
oxygen  ratio  line.  In  this  series  we  found  two  glazes  that  were 
good  mats  through  a  range  of  several  cones,  which  had  an 
AUO3  content  of  only  .1  equivalent.  This  is  rather  unusual  and 
contrary  to  the  generally  accepted  views  regarding  the  amount 
of  alumina  necessary  to  produce  mats  of  the  lime-alumina  type. 
Three-tenths  equivalent  of  alumina  is  generally  considered 
necessary  for  the  production  of  matness.  See  Purdy,  Mat 
Glazes  I'ol  Xlf.  Trans.  .-Inter  Ccr.  Soc. 

The  mat  glazes  obtained  in  this  series  were  of  the  fine 
textured  silky  type  more  pleasing  than  those  of  the  other  two 
series. 

ZINC  SILICATE  SERIES 

This  series  was  made  up  in  the  same  way  as  the  wollas- 
tonite series,  except  that  zinc  silicate  norm  was  used  in  place 
of  wollastonite  norm. 

In  this  series  the  normative  end  members  were  : 
K„0,  AUO3,  6  SiO.,,  Orthoclase,  potash   feldspar. 
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ZnO,  SiOo,  zinc  metasilicate,  made  from  i  formula  weight 
zinc  oxide  and  i  formula  weight  of  flint. 

Ph( ),  SiOn,  lead  metasilicate,  made  from  i  equivalent  (1/3 
formula  weight)  white  lead  and  i  formula  weight  of 
Hint. 

( )wing  to  tlic  difficulty  of  lloating  glazes  containing  no  clay 
i/io  formula  weight  of  anorthite  was  incorporated  in  each  of 
the  glazes,  as  in  the  wollastonite  series. 

The  compositions  and  empirical  formula'  are  given  in  Table 
V,  the  batch  weights  in  Table  VI.  The  textures  developed  in 
this  series  arc  shown  in  Figures  9,  10,  11  and  12. 

Variation  of  Composition:  Increase  oi  lead  silicate  norm 
and  decrease  of  feldsjiar  make  the  glazes  more  fusible,  more 
yellow  and  of  higher  gloss.  It  turns  Bristol  type  glazes  into 
bright  and  semi-mats,  semi-mats  to  mats,  and  mats  to  crystalline. 

Increase  of  lead  silicate  norm  and  decrease  of  zinc  silicate 
norm  make  the  glazes  more  fusible,  turns  Bristol  type  and  mats 
to  bright  and  in  two  cases  turns  mats  to  crystalline  and  crystal- 
line to  bright  glazes. 

Increase  of  zinc  silicate  norm  and  decrease  of  feldspar  turns 
Bristol  type  to  bright,  bright  to  semi-mat,  mat  or  crystalline,  and 
crystalline  to  bright  glazes. 

Increase  of  feldspar  turns  Ilristol  type  to  i)right.  bright  to 
semi-mat,  mat  or  crystalline,  and  in  case  of  high  zinc  oxide, 
mats  and  semi-mats  to  opaque  white  enamels  of  the  Bristol 
tyi)e,  which  are  very  badly  crawled. 

Variation  of  Temperature:  Increase  of  temperature  in- 
creases the  area  of  bright  glazes  pushing  areas  of  mats  and  semi- 
mats  over  toward  the  zinc  silicate  corner  of  the  chart.  Glazes 
No.  40  was  persistently  crystalline  from  cone  02  to  cone  3.  The 
crystallization  occurred  only  in  spots  and  around  the  edges.  Pos- 
sibly the  crystal  patches  would  have  been  greater  in  extent,  and 
the  crystalline  area  on  the  charts  would  have  been  larger,  if 
the  cooling  treatment  of  the  kilns  had  been  more  prolonged. 

Mat  Glaze  Area:  In  this  series  also,  the  lines  of  equal 
oxygen  ratio  run  horizontally  across  the  chart.  The  oxygen 
ratio  line  of  1  :2  runs  from  glaze  No.  9  to  No.  31.  The  mat  and 
crystalline  glazes  come  on  or  below  this  line,  but  we  also  found 
quite  a  number  of  good  bright  glazes  under  this  line.    The  seem- 
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TABLE   V  — ZINC  SILICATE  SERI ES  —  Concluded 


NORMATIVE    COMPOSITION 


FORMULAE 


3 
4 

6 

6 

7 

8 

9 
10 
12 
13 
14 
15 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
29 
30 
31 
32  I 
33 
34 
36 
37 
38 
39 
40 
42 
43 
44 
45 
47 
48 
49 
51 
52 
54 
55 


7  I 
6  •! 


4 

3  I 
2  i 


2 
8 

.7 
.1 

I! 

.2 

3 

.3 

M 

.4 

1.0 
.9 


6 

.7 

5 

.6 

4 

.5 

3 

.4 

9 

.8 

1 

2 

.1 

6 

.7 

5 

.6 

4 

.5 

3 

.4 

9 

.3 

1 

.2 

.1 

5 

.6 

4 

.0 

8 

.4 

•2 

.8 

1 

.2 

.1 

4 

.5 

3 

.4 

2 

.3 

1 

.2 

.1 

8 

.4 

2 

.8 

1 

.2 

.1 

2 

.3 

1 

2 

5.6 
5.1 
4.6 
4.1 
3.6 
3.1 
2.6 
2.1 
1.6 
1.1 
4.H 
4.1 
8.6 
3.1 
2.6 
2.1 
1.6 
1.1 
4.1 
8.6 
3.1 
2.6 
■2.1 
1.6 
1.1 
3.6 
3.1 
2.6 
2.1 
1.6 
1.1 
8.1 
2.6 
2.1 
1.6 
1.1 
2.6 
2.1 
1.6 
1.1 
2.1 
1.6 
1.1 
1.6 
1.1 
1.1 
1.1 
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2 

INC 

WHITE 

NO.                0 

XIDE 

LEAD 

WHITING 

FELDSPAR 

KAOLIN 

FLINT 

TOTAL 

1        1        . 

1 

10.0 

1 

501.3 

25.8 

537.1 

^        1         • 

'2.5!  8 

10.0 

445.6 

25.8 

'h'.b 

513.2 

3     1     . 

51.6 

10.0 

389.9 

25.8 

12.0 

489.3 

4     1     . 

77.4 

10.0 

334.2 

25.8 

18.0 

465.4 

5 

103.2 

10.0 

278.5 

25.8 

24.0 

441.5 

6 

129.0 

10.0 

222.8 

25.8 

30.0 

417.6 

7 

154.8 

10.0 

161.1 

25.8 

36.0 

387.7 

8 

180.6 

10.0 

111.4 

25.8 

42.0 

369.8 

9 

206.4 

10.0 

55.7 

25.8 

48.0 

345.9 

10     i     . 

232.2 

10.0 

25.8 

54.0 

322.0 

12 

8.1 

25.8 

10.0 

389!  9 

25.8 

12.0 

471.6 

13 

8.1 

51.6 

10.0 

334.2 

25.8 

18.0 

447.7 

14 

8.1 

77.4 

10.0 

278.5 

25.8 

24.0 

423.8 

15 

8.1 

103.2 

10.0 

222.8 

26.8 

30.0 

399.9 

16 

8.1 

129.0 

10.0 

161.1 

25.8 

36.0 

370.0 

17 

8.1 

154.8 

10.0 

111.4 

25.8 

42.0 

352.1 

18 

8.1 

180.6 

10.0 

55.7 

25.8 

48.0 

328.2 

19 

8.1 

206.4 

10.0 

25.8 

54.0 

304.3 

21         1 

6.2 

25.8 

10.0 

334!  2 

25.8 

18.0 

430.0 

22         1 

6.2 

51.6 

10.0 

278.5 

25.8 

24.0 

406.1 

23         1 

6.2 

77.4 

10.0 

222.8 

25.8 

30.0 

382.2 

24         1 

6.2 

103.2 

10.0 

161.1 

25.8 

36,0 

352.3 

25         1 

6.2 

129.0 

10.0 

111.4 

25.8 

42.0 

334.4 

26         1 

6.2 

154.8 

10.0 

55.7 

25.8 

48.0 

310.5 

27         1 

6.2 

180.6 

10.0 

26.8 

54.0 

286.6 

29         '2 

4.3 

25.8 

10.0 

278^5 

26.8 

24.0 

388.4 

30         2 

4.3 

51.6 

10.0 

222.8 

25.8 

30.0 

364.5 

31         2 

4.3 

77.4 

10.0 

161.1 

25.8 

36.0 

234.6 

32     1     2 

4.3 

103.2 

10.0 

111.4 

25.8 

42.0 

316.7 

33     1     2 

4.3 

129.0 

10.0 

55.7 

25.8 

48.0 

292.8 

34         2 

4.3 

154.8 

10.0 

25.8 

54.0 

268.9 

36       •: 

2.4 

25.8 

10.0 

222^8 

25.8 

30.0 

346.8 

37        :_ 

2.4 

51.6 

10.0 

161.1 

25.8 

36.0 

316.9 

38        r 

2.4 

77.4 

10.0 

111.4 

25.8 

42.0 

299.0 

39        :, 

2.4 

103.2 

10.0 

55.7 

25.8 

48.0 

275.1 

40        : 

!2.4 

129.0 

10.0 

25.8 

54.0 

251.2 

42 

0.5 

25.8 

10.0 

iei^i 

25.8 

36.0 

299.2 

43 

to. 5 

51.6 

10.0 

111.4 

25.8 

42.0 

281.3 

44 

10.5 

77.4 

10.0 

55.7 

25.8 

48.0 

257.4 

45 

10.5 

103.2 

10.0 

25.8 

54.0 

333.5 

47 

18.6 

25.8 

10.0 

iii!4 

25.8 

42.0 

263.6 

48 

18.6 

51.6 

10.0 

55.7 

25.8 

48.0 

239.7 

49 

t8.6 

77.4 

10.0 

25.8 

54.0 

215.8 

51 

,6.7 

25.8 

10.0 

55.7 

25.8 

48.0 

222.0 

52 

36.7 

51.6 

10.0 

25.8 

54.0 

198.1 

54 

34.8 

25.8 

10.0 

25.8 

54.0 

180.4 

55 

r2.9 

10.0 

25.8 

54.0 

162.7 
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ingly  erratic  variation  in  texture  of  the  glazes  in  the  area  in 
which  mats  and  crystalHne  glazes  are  found  is  explained  by  the 
fact  that  these  mats  are  truly  cn,'stalline  and  therefore  quite  de- 
pendent on  a  certain  fluidity  and  heat  treatment  for  their  pro- 
duction. Thus,  glazes  No.  45  and  No.  49  were  immature  bright 
glazes  at  cones  05  and  02,  but  at  higher  temperatures  they  be- 
came fluid  enough  to  permit  the  growth  of  crystals  and  became 
semi-mat  and  mat.  In  other  glazes,  the  crystals  producing  mat 
and  crystalline  effects  at  low  temperatures  were  dissolved  in  the 
glazes,  when  these  were  fired  at  higher  temperatures,  and  failed 
to  reappear  during  the  sudden  cooling  of  our  small  kiln. 

GENERAL  CONCLUSIONS 

I.  When  the  normative  end  members  are  properly  chosen,  the 
normative  system  of  glaze  calculation  and  blending  gives 
series  of  glazes  whose  physical  properties  vary  in  regular 
and  easily  explicable  manner. 
II.  Glazes  made  from  blends  of  anorthite  norm  ( CaO  ALO^ 
28102)  with  lead  metasilicate  norm  (PbO  SiO, )  and  ortho- 
clase  gave  more  refractory  glazes  than  those  in  the  other 
two  series  and  a  large  proportion  of  mat  and  semi-mat 
glazes.  Matness  was  a  function  of  temperature  and  com- 
position, a  certain  minimum  content  of  anorthite  norm  be- 
ing essential  at  each  heat  treatment.  The  line  dividing  dull 
finish  from  bright  glazes  was  fixed  by  this  minimum 
anorthite  content  and  bore  no  relation  to  oxygen  ratios. 
III.  Glazes  made  from  blends  of  wollastonite  norm  (CaO  SiO,) 
with  lead  metasilicate  norm  and  orthoclase,  were  mostly 
bright.  The  few  mats  developed  were  of  silky  texture  and 
had  quite  a  low  alumina  contents.  The  line  dividing  dull 
finish  from  bright  glazes  was  fixed  at  each  temperature  by 
a  certain  minimum  wollastonite  norm  content. 
IV.  Glazes  made  from  blends  of  zinc  metasilicate  norm  ( Zn(J 
SiO,)  with  lead  metasilicate  norm  and  orthoclase  were 
mostly  bright  glazes  and  stoneware  enamels.  A  few  mats 
and  crystalline  glazes  were  produced.  The  mats  in  this  se- 
ries seem  to  be  truly  crystalline. 

Ceramic   Laboratories, 
Engineering   Experiment  Station, 
Iowa    State   College. 


GLASS  TANK-FURNACE  OPERATION 

liV  R.   L.   FKIN'K,  LANCASTER,  OHIO. 

In  tlic  past  two  or  three  years  there  has  been  more  or 
less  trouble  experienced  by  tank-furnace  operators  in  obtain- 
ing a  glass  satisfactory  as  to  quality  and  color.  The  factory 
managers  and  glassmakers  have  attributed  this  trouble  to 
everything  from  sand  to  manganese  in  raw  materials,  and  from 
gas  to  weather  conditions  in  furnace  operation,  and  while  raw 
materials,  fuel  and  weather  no  doubt  have,  to  a  minor  degree, 
been  responsible  for  many  annoyances,  yet  in  some  cases  at 
least  furnace  construction  and  operation  have  l)een  largely  re- 
sponsible for  poor  glass. 

Many  glassmakers  are  of  the  opinion  that  a  glass  can 
only  be  made  of  certain  raw  materials  obtained  from  specific 
localities  or  manufacturers,  and  if  their  finished  product  is  not 
of  a  character  desired,  then  the  raw  materials  are  at  fault. 
Because  of  a  slight  change  in  color,  or  because  of  some  condi- 
tions of  melting  or  character  of  glass,  he  deduces  that  more  or 
less  of  certain  material  is  required,  that  his  sand  is  poor,  or  his 
chemicals  are  impure,  and  makes  changes  in  batch  accordingly. 
In  due  course  of  time,  if  the  changes  made  have  not  corrected 
the  fault,  he  makes  another  change,  and  perhaps  the  trouble 
ceases  or  is  augmented,  but  anyhow  after  a  time  he  gets  con- 
ditions back  to  nonnal,  convinced  that  some  one  of  his  reme- 
dies has  effected  the  cure. 

Now  some  old  timers  say:  "Glass  can  be  made  from 
anything  that  will  combine  with  sand  if  enough  fire  can  get  to 
it"  —  which  is,  I  believe,  a  statement  of  fact,  and  which  in  a 
practical  sense  seems  to  be  substantiated  by  reviewing  some 
thousand  or  more  batch  formulas  I  have  knowledge  of.  How- 
ever, it  is  true  and  essential,  that  to  make  a  glass  for  a  specific 
purpose  there  is  but  one  correct  formula  that  is  best  for  that 
specific  purpose,  and  it  is  only  best  when  made  under  correct 
(331) 
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melting  conditions  relative  to  that  particular  formula  or  chemi- 
cal composition. 

An  attempt  to  enumerate  even  the  common  defects  in 
glass  due  to  unbalanced  chemical  relations  in  the  glass  com- 
position, or  its  relation  to  the  melting  conditions,  would  make  a 
large  volume.  I  will,  therefore,  call  attention  only  to  the  most 
prominent  conditions  which  affect  color  and  quality  of  glass. 
Let  us  consider  a  case  wherein  the  principal  conditions 
are  known,   the  batch   used  consisting  of : 

pounds 

Sand   1 .000 

Burned  lime " no 

Soda  ash    360 

Nitre    20 

Manganese    5.5 

Arsenic    2 

A  glass  of  good  quality  and  color  was  obtained  during  the 
fire  of  1914,  but  in  1915  seedy  glass  of  very  low  and  erratic  color 
was  persistently  present. 

In  1914  approximately  7^4  pounds  of  glass  per  square  foot 
per  hour  was  melted  with  a  natural  gas  consumption  of  120  M. 
cu.  ft.  in  24  hours,  while  in  191 5  there  was  melted  9J4  pounds 
with  a  gas  consumption  of  140  M.  cu.  ft.  for  24  hours,  or  an  in- 
crease of  over  23  percent,  but  it  was  very  difficult,  or  impossible, 
to  obtain  a  fire  which  would  melt  this  required  amount  without 
causing  seeds  and  loss  of  color.  There  had  been  a  gradual  in- 
crease of  manganese  to  13  pounds  per  1,000  pounds  of  sand  with 
no  benefit,  in  fact,  the  glass  was  a  dirty  green,  and  less  saleable 
than  that  made  with  6  pounds  of  manganese. 

The  fire  was  smoky,  and  the  combustion  was  poor.  The 
stack  damper  was  raised,  as  was  also  the  air  valve,  with  but 
little  benefit.  Measurements  of  the  draft  pressure  throughout 
the  system  gave :  stack  .88  inches ;  in  flue  between  stack  damper 
and  air  valve  .62  inches;  in  checker  chamber,  under  checker 
.57  inches;  in  chamber  over  checker  .02  inches;  in  furnace 
.012  +  inches.  It  was  obvious,  therefore,  that  there  was  not 
sufficient  draft  to  relieve  the  furnace  of  burnt  gases,  and  a  con- 
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.se(|ucnl  l)rick  pressure  on  the  incoming  gases  was  obtained 
wiiicli,  to  a  degree,  lessened  the  amount  of  air  entering  the 
furnace,  and  consequently  retarded  combustion.  The  furnace 
temperature  was  below  normal,  and  the  surface  of  the  glass 
was  covered  with  a  heavy  scum,  and  a  fierce  "sting-out"  was 
always  present  at  the  gathering  holes,  making  it  difficult  to  keep 
the  men  at  work. 

According  to  the  statements  of  those  in  charge,  they  had 
in  iyi4  made  a  fair  quality  of  glass,  and  during  the  fire  of 
19 1 3  had  still  better  glass,  but  that  each  year  and  month  since 
the  fire  of  1913  the  furnace  had  been  more  difficult  to  operate 
and  obtain  satisfactory  color  and  quality.  The  trouble  had 
been  attributed  to  poor  materials,  and  particularly  to  the  qual- 
ity of  manganese,  and  also  to  batch  mixing.  Analysis  of  their 
materials  showed  all  to  be  normal,  but  these  analyses  they 
would  not  accept,  the  argument  being ;  "Here  is  the  same  tank, 
of  the  same  dimensions,  same  kind  of  fuel,  same  men  operating 
it  who  have  made  good  glass  for  20  years,  and  the  only  things 
that  can  change  is  the  materials ;  your  chemical  "bunk"  is  ex- 
pensive chatter,  and  there  is  something  you  don't  find  that  is 
causing  this."  Careful  investigation  and  questioning,  how- 
ever, revealed  the  following: 

Tn  1913  the  furnace  was  practically  re-built  by  a  promi- 
nent furnac-e  builder,  and  designed  for  a  ca])acity  of  12  tons 
of  glass  per  day.  but  tovi'ard  the  close  of  the  1914  fire  there 
was  produced  nearly  14  tons  with  some  trouble  from  poor  color 
and  seeds  attending  this  production,  although  not  serious.  At 
the  close  of  the  KJ14  fire,  or  in  the  summer  of  1915.  cold  re- 
pairs were  made,  at  which  time  the  checkers  were  re-set  and 
provisions  made  for  one  more  sho])  using  semi-automatic  ma- 
chines. 

Inasniucli  as  it  was  anticipated  tliat  about  10  percent  more 
melting  capacity  would  be  required,  the  management  figured 
that  more  checker  was  necessary.  To  o-btain  this  the  checkers 
w'cre  set,  using  common  fire  brick  for  the  lateral  runs  and  the 
old  3  by  6  by  14  checker  brick  for  the  cross  runs,  from  which 
all  of  tlie  former  checker  was  made.  This  gave  about  a  40 
jierccnt    air    opening,    but    this    checker    construction    obviously 
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increased  the  friction  very  materially.  Further,  it  was  learned 
that  the  flue  on  one  side  had  been  forced  in  by  the  pressure 
of  the  loose  earth  surrounding  it,  so  that  its  area  was  reduced 
by  about  4  inches  for  a  distance  of  nearly  14  ft.,  which  caused 
additional  friction. 

The  sum  of  this  increased  friction  resulted  in  decreasing 
the  melting  capacity  instead  of  increasing  it.  This  was  proven 
by  the  fact  that  on  making  repairs  this  last  year,  the  flue  was 
repaired,  checkers  re-set  as  to  give  a  60  percent  air  area  in  the 
checkers,  and  10  ft.  added  to  the  height  of  the  stack  with  the 
result  that  this  furnace  is  now  melting  g%  to  g}^  pounds 
per  square  foot  and  making  excellent  glass  free  from  seeds  and 
having  an  exceptionally  constant  and  good  color.  The  draft 
measurements  now  show :  stack  .  9  inches ;  flue  inside  air  valve 
.41  inches;  under  checkers  .31  inches;  over  checker  .16  inches; 
in  furnace  .00  or  but  a  slightly  +  pressure.  The  sting-out  is 
now  not  more  than  2  inches  long,  and  white. 

This  same  condition  may  be  found  existing  to  a  more  or 
less  degree  in  probably  25  percent  of  the  plants  throughout  the 
country,  particularly  in  the  smaller  plants. 

Another  condition  is  prevalent  and  worth  mentioning  here, 
vis.:  Furnace  men  when  getting  into  trouble  with  scum  will  drop 
their  damper  and  air  valve  and  "cut  of?  the  scum"  as  they  be- 
lieve. The  result  is  that  they  lower  the  furnace  temperature  by 
producing  incomplete  combustion,  and  the  high  reducing  atmos- 
phere does  tend  to  remove  the  scum,  but  they  do  much  more. 
The  glass  at  the  melting  end  cools  while  the  temperature  of  the 
glass  at  the  surface  in  the  working  end  increases ;  therefore  that 
which  flows  from  the  melting-  to  the  working  end  during  this 
period  carries  less  heat  to  the  working  end,  and  the  men  com- 
mence to  complain  because  the  glass  is  too  stiflf,  so  to  increase 
the  heat  at  the  working  end  they  lower  the  damper  still  further, 
until  the  sting-out  existing  there  is  so  severe  as  to  prevent  good 
work  being  done,  and  the  men  increase  their  complaint. 

The  furnace  man  is  now  at  his  wits  end.  but  his  woe  is  in- 
creased by  loss  of  color  some  three  to  six  hours  after  his  scum- 
removing  and  working-end-heating  effort  has  been  put  into  effect, 
and  then  come  seeds  with  an  additional  following  of  cords  and 
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stones.  He  dare  not  clean  up  his  tire  by  raising  his  stack 
damper  and  air  valve,  for  he  reasons  that  by  such  procedure  he 
will  take  the  fire  from  the  working  end  and  "freeze"  the  glass, 
in  consequence  of  which  his  workmen  will  (|uit.  Therefore  he 
and  everybody  sufifers  until  Saturday,  and  from  quitting  time 
Saturday  until  Monday  he  opens  up  his  dampers,  cleans  up  his 
fire,  and,  in  a  measure,  recuperates  from  the  evil  he  has  caused, 
but  about  Monday  night,  or  Tuesday,  scum  begins  to  appear  — 
so  he  repeats. 

What  he  should  have  done  would  be  t<j  determine  if  his 
glass  was  l)alanced  chemically,  and  if  so,  to  raise  both  stack  and 
air  dampers,  perhajjs  adding  more  gas,  and  thereby  increase  his 
fire  and  temperature  to  force  combination  of  the  batch  constit- 
uents. Unless  the  working  end  is  much  greater  in  size  than 
the  melting  end,  he  will  have  no  cause  for  closing  the  stack 
damper  to  keep  the  glass  hot  enough  for  the  workmen,  or  to  keep 
away  scum  and  maintain  a  glass  of  good  color,  free  from  seeds, 
cords  and  stones. 

This,  I  presume,  many  will  dispute ;  however,  I  know  of 
several  instances  where  this  procedure  has  been  followed  with 
excellent  results,  but  obviously  this  could  not  have  effected  a 
remedy  in  the  first  instance  mentioned  because  of  the  choked 
flue  and  checker. 

Further,  just  as  soon  as  one  attem])ts  to  keep  the  working 
end  hot  by  forcing  gases  of  combustion  down  there  from  the 
melting  end,  by  |)roducing  insufficient  draft,  or  introducing  an 
excessive  amount  of  gases  into  the  furnace,  he  loses  control  of 
the  color,  of  quality,  as  also  the  melting,  for  obviously  to  do  so 
he  must  create  a  pressure  in  the  melting  end  and  thereby  smother 
or  retard  combustion,  and  superimpose  all  the  glass  with  a  re- 
ducing atmosphere,  which  lowers  the  color  bv  reducing  the 
manganese,  and  the  result  is  a  green  glass. 

Another  condition  is  found  which,  with  sufficient  air  and 
draft,  will  cause  these  difficulties.  7'ic.:  if.  when  oil  or  natural 
gas  is  used,  the  entering  fuel  is  directed  in  such  a  manner  as  to 
come  in  contact  with  the  batch,  glass,  or  port  blocks  before  it  has 
obtained  sufficient  air  to  support  comluistion.  carbon  will  be  de- 
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posited  and  absorbed  in  the  melting  mass  with  a  consequent 
destruction  of  color,  and  the  production  of  cords  and  seedy  glass. 

Burners  should  always  be  so  placed  as  to  obtain  the  best 
possible  mixture  of  air  in  the  shortest  period  of  time  and  travel; 
also  the  size  of  burner  should  be  so  regulated  that  the  pressure 
of  the  gas  or  oil  will  project  a  stream  no  greater  in  size,  volume 
and  velocity  but  what  the  incoming  air  can  become  so  admixed 
that  combustion  begins  immediately  upon  their  entering  the  fur- 
nace. 

The  efficiency  of  a  furnace  largely  depends  upon  the  tem- 
perature of  the  checkers,  and  the  manner  in  which  such  tem- 
perature is  maintained.  If  the  first  instance  prevails,  consider- 
able flame  is  seen  entering  top  of  checker  chamber,  but  the 
checker  temperature  may  not  be  above  1200°  to  1700°  F.,  and 
wholly  insufficient  to  obtain  a  good  fire  and  efficient  operation, 
for  because  of  a  low  temperature  of  furnace  gases  and  retarded 
combustion,  the  checkers  and  flue  to  the  stack  may  be  as  high 
as  1400°  F.,  but  if  proper  burner,  pressure,  air  and  damper  regu- 
lation is  effected,  the  top  checker  may  be  2200°  F.,  the  bottom 
1500°  and  the  flue  900°,  with  stack  at  700°  to  800°,  according 
to  distance. 

I  have  here  presented  a  few  of  the  principal  confusing  con- 
ditions which  are  most  prevalent,  and  in  language  which  I  trust 
can  be  readily  understood  by  the  glassmaker  and  furnace  oper- 
ator, hoping  it  will  interest  them  sufficiently  that  they  will  join 
us  in  discussing  these  subjects,  and  thereby  assist  in  advancing 
an  art  about  which  we  know  so  little  of  the  fundamental  prin- 
ciples, and  of  which  definite  knowledge  is  required  that  we  may 
efficiently  govern,  control  and  jiredetermine  our  product. 

DISCUSSION 

.l/r.  Crcighfoii:  I  should  like  to  ask  Air.  Frink,  if  it  is  a  per- 
tinent question,  whether  the  troul)le  was  due  to  an  absorption 
of  these  uncombined  gases  or  due  to  reducing  effect  in  the  glass 
itself? 

Mr.  Frink:  I  expected  that  question,  and  it  is  quite  a  long 
subject.  That  is  one  thing  that  I  don't  know  that  we  can  abso- 
lutely prove,  one  way  or  the  other.     I  aiu  of  the  opinion,  how- 
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ever,  that  it  is  an  absorption  of  the  gases  which  causes  the 
greater  trouble.  When  we  speak  of  reducing  gases,  we 
will  assume  that  we  refer  then  to  COj,  or  perhaps  a  gas 
which  contains  in  the  neighborhood  of  lo  percent  CO^.  might 
be  called  a  reducing  gas  —  that  does  not  seem  to  make  so  very 
much  difi'erence  in  tank  operation;  but  when  we  do  get  a  gas 
which  has  free  CO  or  has  unconsumed  gas,  then  we  begin  to 
get  cords  and  loss  of  color  absolutely ;  in  other  words,  when 
that  gas  has  impinged  upon  the  batch  pile  before  it  has  had 
time  to  either  burn  to  CO  or  CO,,  then  we  have  a  complete  loss 
of  color. 

Mr.  Orton:  I\ir.  Frink's  talk  has  l)ecn  interesting  to  me 
from  the  fact  that  during  the  year  past,  I  was  asked  to  come 
down  to  a  glass  works  one  Sunday  and  see  whether  I  could  ad- 
vise them  what  was  the  cause  of  their  trouble.  This  description 
fits  the  case  most  marvelously  close.  One  of  their  furnaces 
had  gone  out  of  commission,  and  they  tried  to  put  more  glass 
through  the  other  and  had  increased  its  output  15  or  20  per- 
cent; I  do  not  think  they  had  made  any  construction  details 
different  in  order  to  accomplish  that,  they  simply  tried  to  run 
the  thing  harder,  their  normal  content  of  manganese  being  rep- 
resented by  the  figure  17,  whatever  that  may  have  been,  points 
or  pounds  or  whatever  it  is,  I  don't  know.  They  found  that 
their  color  was  getting  green,  and  they  began  increasing 
manganese  and  finally  got  up  to  23  points  without  producing 
the  proper  return  of  the  normal  color.  All  at  once  the  color 
came  with  a  vengeance  and  went  way  beyond  the  proper 
amount  and  gave  them  the  characteristic  purple  tint  of 
manganese  in  such  quantity  that  they  had  to  scrap  a  good  many 
tons  of  glass,  and  then  they  began  coming  back  again  in  the  same 
way  that  they  had  gone  up,  point  by  point,  and  finally  got  down  to 
the  point  represented  by  14,  and  then  from  the  excess  of 
manganese  which  they  had  charged  into  their  tank  in  the  pre- 
ceding experiment,  they  returned  once  more  to  the  green  tint. 
So  it  was  see-sawing  backwards  and  forwards  and  trying  to 
find  the  location  between  those  points  where  their  color  would 
be  normal.  I  saw  the  manager  not  long  before  this  meeting, 
in  fact  tried  to  bring  him  here  in  order  that  he  might  hear  your 
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paper  on  this  point,  but  he  was  not  able  to  come.  He  told  nie 
that,  to  a  large  extent,  they  had  overcome  the  difficulty,  but  they 
did  not  know  how  they  had  overcome  it,  they  had  simply  lived 
through  the  trouble,  and  in  discussing  with  him  his  conditions 
at  that  time,  I  found  out  that  they  were  pushing  the  furnace 
nnich  harder,  passing  more  fuel  through  it  in  a  given  time,  and 
that.  I  told  him,  was  a  much  more  likely  cause  of  the  condi- 
tions that  they  were  having  than  any  actual  change  of  the 
manganese  itself.  I  believe  if  they  had  been  aljle  to  melt  the 
original  batch  of  manganese  in  increased  quantit\-.  thev  would 
not  have  had  any  change  in  the  color. 

Mr.  Hope:  Air.  Frink  has  spoken  of  the  increa.^ed  gas 
pressure;  I  want  to  ask  what  effect,  if  any,  tliat  has  on  the  time 
of  fining  the  glass  ? 

Mr.  Friuk :  I  don"t  know  that  I  can  give  any  facts  in 
regard  to  that.  We  have  noted,  in  the  past  two  or  three  Aears, 
perhaps,  two  or  three  instances  of  where  we  thought  —  it  was 
merely  a  thought  —  that  when  we  had  a  sufficient  draft  in  the 
furnace  proper,  that  is,  had  a  negative  pressure  in  the  fur- 
nace, our  fining  action  was  more  rapid ;  that  is,  there  seems 
to  be  three,  as  I  recall,  particular  instances  where  we  had  seedy 
glass  with  a  large,  open  seed,  which  we  usually  say  is  a  fining 
seed;  and  when  we  increased  our  draft  pressure  in  that  par- 
ticular furnace,  that  seed  was  eliminated,  but  whether  it  was 
because  of  a  lack  of  pressure  to  hold  it  in  or  not,  is  problema- 
tical ;  I  cannot  say  positively  that  there  was  really  any  definite 
proof  one  way  or  the  other. 
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Like  most  other  ceramic  industries,  the  enameled  iron  in- 
dustry was  transported  from  Europe  to  America.  The  Ger- 
mans, Austrians  and  Swedes  have  perfected  this  industry  to  a 
higher  degree  than  in  any  other  country,  and  what  there  is  in 
this  country  is  very  largely  that  which  has  been  brought  here 
by  men  from  these  countries.  It  can  probably  be  truly  said 
that  the  enameled  iron  industry  is  more  nearly  in  the  primitive 
state  than  any  other  ceramic  industry  in  the  United  States. 
Especially  is  this  true  of  the  "sheet  iron"  enameling  industry. 
A  very  large  proportion  of  the  enamelers  in  this  country  are 
Germans,  Austrians  and  Swedes.  They  occupy  their  positions, 
not  because  of  superior  ability  but  because  of  formulae  which 
they  have,  and  with  which  they  are  able  to  produce  results. 
The  natural  consequence  of  this  is  that  raw  materials  for 
making  enamels  have  in  the  past  been  largely  imported  from 
these  countries.  One  material  especially  which  has  been  al- 
most universally  imported  is  German  Valender  clay  which  was 
used  for  floating  the  enamel  frit  and  producing  proper  con- 
sistency for  dipping.  This  was  the  state  of  affairs  when  the 
war  started,  and  enamelers  over  the  country  were  thrown  into 
a  panic  when  the  supply  of  Valender  clay  was  exhausted.  At- 
tempts to  use  American  clays  met  with  failure,  and  enamelers 
were  scouring  the  country  looking  for  a  stray  pound  of 
Valender  clay.  The  chemical  dealers  immediately  set  about 
to  find  a  substitute  for  this  clay  and  are  now  supplying  the 
trade  with  clays,  good,  bad  and  indifferent,  but  the  report  of  a 
number  of  different  firms  is  that  nothing  has  been  found  to  sat- 
isfactoriK-   replace  llie   (Icrnian   \'alcnder  clay. 

In  preparing  enamels  for  use,  the  frit  is  ground  wet  with 

from  five  to  ten  percent  of  its  weight  of  clay.     There  is  always 

some   flocculating   agent   added,   generally   magnesium    sulphate 

in   white   and   cover   enamels,   but   in   the  case  of   ground   coat 

(3.39) 
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enamels  borax  is  almost  universally  used.  The  reason  for  this 
is  that  nearly  all  other  salts  which  act  as  flocculating  agents 
cause  rusting  of  the  steel  in  drying  the  enamel  and  thus  give 
trouble.  Sodium  carbonate  can  be  used  but  is  less  effective 
than  borax.  \^alender  clay  is  a  very  clean  and  very  plastic  ball 
clay  and  gives  excellent  results  when  used  in  enamels,  prevent- 
ing settling  of  the  frit  in  the  dipping  tubs  and  making  the 
enamel  easily  tempered  to  proper  consistency  for  dipping.  The 
necessitv  for  finding  a  substitute  for  it  lead  to  this  in\estiga- 
tion. 

Object  of  the  Investigation.  The  object  of  this  study 
was  to  find  a  clay,  or  combination  of  clays  (if  possible,  Ameri- 
can), which  could  be  satisfactorily  used  to  float  enamel  frits, 
preventing  them  from  settling  to  the  bottom  of  the  dipping 
tub  and  permitting  tempering  to  a  proper  dipping  consistency 
so  as  to  get  a  uniform  coating  of  the  proper  thickness  over  the 
surface  of  the  ware.  The  possession  of  a  good  supply  of 
\'alender  clay  simplified  the  work  very  much,  as  its  action  in 
the  dififerent  tests  could  be  used  as  a  criterion  from  which  to 
judge  the  value  of  the  other  clays. 

Clays  Tested.  In  considering  what  clays  to  select  for 
test,  it  was  thought  that  the  ball  clays  were  most  likely  to  give 
the  desired  result ;  but  the  writer  had  on  different  occasions 
used  Florida  clay  for  this  purpose,  and  therefore  six  typical 
clavs   were   selected    from   the   larger   list   available   as    follows : 


K.   Porter   No.    ii. 


Xo. 

I 

Kentucky   ball   clay. 

No. 

2 

Tennessee  ball  clay  —  J, 

No. 

3 

German  Valender  clay. 

No. 

4 

Georgia  clay. 

No. 

5 

Florida  clay. 

No. 

6 

English   ball   clav   M   & 

M. 


PRELIMINARY  EXPERIMENT 

To  20  grams  of  each  clay  was  added  loo  cc.  distilled  water, 
and  these  were  shaken  for  one  hour  in  a  shaking  machine  simi- 
lar to  the  one  used  by  Ashley  in  his  work  at  the  Bureau  of 
Standards.  Immediately  after  shaking,  the  volume  of  each 
slip    was    noted,    there    being    considerable    diff^erence.     Named 
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in  order  of  their  volumes  the  clays  are  as  follows:  Nos.  i,  2. 
3,  4,  5.     Number  i  has  27  percent  more  volume  than  No.  5. 

Results  after  standing  24  hours :  Numbers  i  and  2  have 
no  clear  liquid  on  top  but  have  separated  in  the  middle  of  the 
column,  showing  clear  water  between  the  two  columns  of  slip. 
Number  3  (Valender)  has  settled  leaving  a  column  of  clear 
water  over  the  dense  slip.  Total  column  composed  of  88  per- 
cent slip,  12  percent  water.  Number  4  settled  most  giving 
column  composed  of  52  percent  slip,  48  percent  turbid  water. 
Number  5  similar  to  No.  4,  column  composed  of  60  percent 
slip  and  40  percent  clear  water. 

In  this  test  the  Florida  clay  acts  more  nearly  like  the 
Valender,  but  the  two  American  ball  clays  show  a  peculiarity 
in  refusing  to  settle.  This  might  indicate  alkaline  clays,  /.  e. 
defiocculation.  but  there  was  no  apparent  difference  between 
the  column  above  and  that  below  the  water.  The  samples  did 
not  have  the  appearance  of   defiocculation. 

Clay  and  Flint.  Mixtures  were  now  made  using  200 
grams  American  flint  +  20  grams  clay  +  150CC.  distilled  water. 
After  shaking  for  two  hours  the  difference  in  volume  so 
marked  in  the  last  experiment  is  not  in  evidence.  All  slips 
occupy  the  same  volume.  After  settling  12  hours  there  is  again 
a  marked  difference. 

TABLE    I 


CLAY     NO. 

VOLUME    OF    SLIP 

VOLUME   OF   WATER 

1 

percent 
88 

percent 
12 

2 

88 

12 

3 

97 

3 

4 
5 

72 
78 

28    (turbid) 
22 

6 

97 

3 

This  test  indicates  No.  4  is  alkaline  in  character,  being 
partly  deflocculated.  Numbers  i  and  6  shows  superior  power 
of  holding  up  the  flint,  but  the  American  ball  clays  show  de- 
cided superiority  over  the  kaolins^. 

^  The  doubtful  propriety  of  this  term  is  recognized,  but  in  the  absence  of  a 
better   one  it  is  used  in    this   paper    for   Florida   and   Georgia  clays. 
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All  clays  were  tested  to  determine  their  relative  action  to- 
ward deflocculating  agents,  sodium  hydroxide  being  used.  Five 
grams  of  each  clay  were  added  to  lOO  cc.  of  solution  consisting  of 
distilled  water  plus  a  previously  determined  amount  of  lo  per- 
cent solution  of  sodium  hydroxide  as,shown  in  the  tables.  That 
is,  each  mixture  contained  lOO  cc.  liquid  containing  sufficient 
NaOH  to  give  the  percentage  indicated  in  the  tables,  percent 
given   figured  on  the  base  of  clay  =  loo. 

The  symbols  used  in  the  tables  are  similar  to  those  used 
by  Ashley- 

S.  T.  =  Not  clear  but  transmits  light  readily  through  i 
inch  thickness. 

T  =  Distinctly  cloudy  in  i   in.  thickness. 

D  =  No  granular  structure  \isible  but  opaque  in  i  in. 
thickness. 

S  ^  Opaque,  and  granular  structure  distinctly  visible. 

In  each  case  the  tubes  were  shaken  for  two  hours,  mix- 
tures poured  into  a  graduated  cylinder,  and  readings  taken 
after  standing  i8  hours. 

The  results  of  these  experiments  have  little  bearing  on  the 
information  sought  except  that  they  show  the  similarity  or 
dissimilarity  of  the  clays.  The  ball  clays  all  give  very  similar 
results,  but  they  are  quite  sharply  distinguished  from  the  kaolins 
in  that  they  require  less  alkali  for  maximum  deflocculation. 
There  is  very  marked  difference  between  the  Georgia  and 
Florida  clay  in  the  amount  of  alkali  required  for  maximum 
deflocculation  and  still  greater  difference  in  that  required  for 
re-flocculation.  The  Georgia  clay  (No.  4)  shows  partial  de- 
flocculation when  mixed  with  distilled  water  alone,  but  the 
Florida  clay  does  not  show  this.  There  is  also  a  marked  dif- 
ference in  the  appearance  of  these  two  clays  when  at  maxi- 
mum defloccluation.  No.  4  being  very  much  less  dense  than  No. 
5.  The  latter  shows  a  marked  change  in  color  from  light 
cream  at  maximum  deflocculation  to  rather  dark  brown  when 
reflocculated.  This  color  change  may  be  only  coincident  with 
the  increase  in  density,  but  no  such  phenomenon  was  noted 
in  any  of  the  other  clays.  On  the  whole,  clay  No.  2  is  closest 
to  No.  3  throughout  these  experiments. 

2Bt(//.  SS,   V.  S.   Bureau  of  Standards. 
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PERCENT    NaOH 


0      I     .2 


.4    6 

.8 

1.0 

2  1  3 

1 

Clay  No.  1 


1- 

1 

1 

95 

2 

"2 

1 

95 

2 

5 

'es' 

32 

0 

'75' 

70 

78 

73 

73 

S  T 

79 

2 
96 
2 

2 
96 
2 

3 
95 
2 

T 

D 

21 

25 
0 

30 
0 

27 
0 

27 
0 

9,7 

s    

n 

Clay 

No. 

2 

...76 

3 

41 

41 

41 

41 

55 

50 

S  T 

5 

4 

4 

T  

42 
55 

28 
72 

D 

s 

.'.'.'.  '24' 

92 
3 

n 

. . . . 

94 
2 

59 

59 

59 

59 

45 

50 

Clay  No.  3 


Clear  cc. 
S.    T.    .. 

T 

D 

S 


79     82 


Clay  No.  4 

88 

S.  T 

88 

88 

T 

88 

88 

88 

D 

S 

12 

12 

12 

12 

12 

12 

Clay  No.  5 

Clear  cc. 
S.    T.    .. 

T 

D 

S 


96  I  96     96 

4       4  14 


93     95 
7       5 


70 


30 


23 
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Maximum 

Deflocculation  Reflocculation 

Clay  No.                                                       Percent  NaOH  Percent  NaOH 

1              .2  3. 

2  2  2. 

3  .2  2. 

i  4  1. 

0  .(3  5. 

Impure  Water.  A  sample  of  enamel  frit  was  obtained 
from  the  West  Lafayette  Mfg.  Co.,  West  Lafayette,  O.,  taken 
from  their  regular  stock.  This  was  ground  in  a  ball  mill  for 
two  hours  with  distilled  water,  and  the  water  decanted  after 
the  glass  had  settled.  Five  grams  of  each  clay  were  now 
shaken  with  loo  cc.  of  water  (50  cc.  distilled -|- 50  cc.  decanted 
water).  The  object  of  this  was  to  determine  whether  the 
solubility  of  the  enamel  would  render  the  water  in  which  it 
was  grovmd  sufficiently  alkaline  or  acid  to  affect  the  clays. 
The  results  are  shown  as  follows : 

TABLE    III 

Volume  of  Slif  Volume  of  Water 

Clay  No.  Percent  Percent 

1  97  3 

2  35  65 

3  16'  84 

4  12  88 

5  25  75 

6  97  3 

These  readings  were  taken  after  the  cylinders  had  stood 
18  hours.  Numbers  i  and  6  were  completely  deflocculated, 
while  the  others  were  still  in  the  flocculated  condition.  These 
results  cannot  be  very  well  compared  with  the  one  in  which 
distilled  water  was  used,  because  in  this  case  only  five  grams 
of  clay  was  used  per  100  cc.  water  while  in  the  other  20 
grams  of  clay  was  used. 

This  experiment  was  repeated,  using  50  cc.  distilled  water, 
50  cc.  enamel  water,  5  grams  of  clay  and  50  grams  of  enamel 
frit  which  had  been  ground  to  pass  80  mesh  screen.  Upon 
standing  18  hours  the  enamel  settles  out  readily  from  all  but 
decidedly  most  readily  from  Nos.  i  and  6.    In  case  of  these  two 
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there  is  a  sharp  line  between  the  blue  enamel  and  the  clay 
al)ove.  The  clay  has  the  same  color  as  when  no  enamel  is  used, 
indicating  that  all  of  the  enamel  has  settled  to  the  bottom.  The 
sharp  division  line  is  not  present  in  the  other,  but  the  total  vol- 
ume of  l)lue  sediment  at  the  bottom  is  greater  than  in  the  cases 
of  the  two  mentioned,  showing  that  the  enamel  has  carried 
some  of  the  clay  down  with  it.  The  color  shades  oiif  grad- 
ually from  dark  blue  at  the  bottom  to  the  gray  of  the  pure  clay 
on  top. 

These  results  are  tabulated  as   follows : 


TABLE 

V 

CLAY    NO.                                                  1 

2 

i 

3           1         4 

i 

6 

0 

34 

26 
10 

50 
0 

20 
30 

55 
0 

20 
25 

45 

0 

25 

30 

0 

Clay  cc. 

Gray  Mix   Clay  and   Enamel 
Blue    Enamel   cc 

. . . .      7!) 
cc.        0 
....      21 

70 

0 

30 

In  this  case  the  kaolins  are  decidedly  nearest  to  Xo.  3 
with  No.  2  somewhat  similar  and  Nos.  1  and  6  decidedly  dif- 
ferent from  all  others. 

To  each  of  these  cylinders  was  now  added  i  cc.  10  ])er- 
cent  NaOH  solution,  equivalent  to  2  percent  of  the  clay.  After 
standing  18  hours  no  marked  change  from  the  previous  con- 
dition is  noted  excejit  that  No.  3  now  corresponds  with  Xo.  2. 
In  this  case  we  have  three  groujjs  composed  of  Nos.  i  and  6.  2 
and  3,  and  4  and  5. 


CLAY    NO. 

1 

2 

3 

4 

5 

6 

Clear  HO  cc 

0 
80 

0 
20 

32 
38 
10 
20 

30 
'40 
10 
20 

50 
20 
10 
20 

50 
20 
10 
20 

0 

Clay  . 

Gray  Mix  Clay  and 

Enamel 

0 

In   this  case   Nos.    i    and  6  are   quite  completely   defloccu- 
latcd    and    still    show    the    sharp    line    between    clav    and    blue 
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enamel.  Numbers  2  and  3  show  some  deflocculation  but  de- 
cidedly less  than  the  kaolin  Nos.  4  and  5.  This  agrees  with  the 
previous   results  on   deflocculation. 

The  results  of  the  tests  with  the  water  from  enamel  indi- 
cate that  although  the  tendency  is  distinctly  to  deflocculate  the 
clays,  still  the  effect  is  not  very  great  except  in  the  case  of  Nos. 
I  and  6  where  the  result  was  sufficient  to  distinguish  these 
clays  plainly  from  the  others. 

It  must  be  borne  in  mind  that  these  preliminary  tests 
were  not  designed  with  a  view  to  obtaining  satisfactory  enamel 
slip  but  simply  to  study  the  character  of  these  clays  and  deter- 
mine, if  possible,  which  of  them  was  closely  related  to  the 
German  Valender  clay. 

Correlating  these  results  we  find  that  in  distilled  water 
alone,  Nos.  3  and  5  are  similar,  with  Nos.  i  and  2  somewhat 
similar  to  them.  Table  I  shows  Nos.  3  and  6  most  nearly 
alike   with   Nos.    i   and   2  again   somewhat  similar  to  them. 

Table  II,  Nos.  2  and  3  similar,  with  No.   i   somewhat 
like  them. 

Table   III,   Nos.   3  and   4   similar,   with   Nos.  2  and   5 
somewhat  like  them. 

Table  \Y ,  Nos.  3,  4  and  5  similar,  with  No.  2  some- 
what like  them. 

Table   V,    Nos.   2   and   3    similar,   with    Nos.   4  and   5 
somewhat   like   them. 

According  to  this  summary,  there  are  some  respects  in 
which  all  the  clays  are  similar  to  No.  3,  but  a  summation  of 
the  results  places  the  clays  in  the  following  order  as  regards 
their  resemblance,  to  No.  3,  viz.  Nos.  2,5(1  and  4)  6. 

DIPPING  SLIPS 

Attempts  were  now  made  to  determine  how  the  clays 
would  act  when  used  as  the  agent  for  floating  the  frit  in 
enamels. 

There  are  five  factors  which  greatly  influence  the  floating 
•of  the  frit  in  enamels  or  glaze,  namely : 

1.  Size  of  grain  of  the  frit. 

2.  Specific   gravity  'of    the    frit. 
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3.  Concentration   of   solid  in   the   slip,   i.e.   amount  of 
water  added  to  the  solid. 

4.  Viscosity    of   the   floating   medium. 

5.  Amount   of   the   floating   medium. 

1.  Fine  grinding  makes  the  frit  more  easily  floated,  but 
enaniclers  dare  not  grind  too  fine  because  they  can  not  get  a 
uniform  coating  over  the  surface  of  the  ware.  Ground  coat 
enamels  especially  must  be  coarse,  not  finer  than  lOO  mesh 
and  better  80  mesh. 

2.  No  discussion  of  this  seems  necessary.  Lead  enamels 
would  of  course  be  more  difficult  to  float  than  lighter  ones,  but 
lead  is  seldom  used  in  enamels  for  sheet  iron.  However  all 
frits  are  relatively  high   in   specific  gravity  compared   to  clays. 

3.  Settling  is  easily  prevented  by  making  the  slip  thick, 
approaching  a  paste,  but  in  order  to  apply  slips  by  dipping  or 
spraying  they  must  be  fluid  to  a  sufficient  extent  to  flow,  and 
when  they  have  this  consistency,  settling  of  the  heavier  sub- 
stances results  unless  prevented  by  some  agent. 

4.  Viscosity  has  been  described  as  the  friction  between 
liquids  flowing  in  contact  with  one  another  or  between  a  liquid 
and  a  solid  moving  in  it.  This  means  resistance  to  flow. 
From  this  it  will  be  seen  that  the  ability  of  a  floating  medium 
to  prevent  the  settling  of  the  heavier  particles  depends  upon 
the  resistance  which  it  off'ers  to  their  motion  in  passing  through 
it.  That  is,  the  efficiency  of  a  floating  medium  depends  upon 
its  viscosity.  The  term  floating  medium  as  used  here  does  not 
mean  water  but  the  agent  which  serves  to  prevent  solids  from 
settling  out  of  the  water,  in  this  case  clay  substance. 

5.  It  is  evident  that  a  sufficient  amount  of  floating  me- 
dium can  be  added  to  prevent  settling,  but  other  considerations 
limit  the  amount  of  clay  that  can  be  used  in  any  glaze  or 
enamel,  and  in  the  latter  ten  percent  is  about  the  maximum 
permissible.  Therefore  the  efficiency  of  the  clay  in  floating 
the  frit  is  highly  important.  This  is  more  so  in  enamel  than  in 
glazes  or  engobes  because  enamel  frits  are  higher  in  specific 
gravity  and  more  coarsely  ground  than  the  material  of  fritted 
glaze  or  engobe,  and  the  amount  of  clay  used  in  essentially  small. 
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Viscosity.  It  follows  from  these  considerations  that  the 
viscosity  of  the  enamel  slip  is  a  very  important  property.  A 
high  viscosity  can  be  obtained  by  high  concentration  of  solids 
in  the  slip,  but  this  has  been  shown  to  be  not  permissible.  A 
high  viscosity  in  enamels  is  necessary  to  prevent  the  slip  from 
flowing  down  the  sides  into  the  corners  of  the  ware  after  dip- 
ping. A  steel  body  being  non-absorbent,  the  problem  here  is 
quite  different  from  the  one  of  dipping  a  porous  clay  body  into 
a  glaze.  The  absorption  of  the  clay  prevents  flowing  of  the 
glaze,  but  in  the  case  of  the  steel  body  the  slip  must  stay 
where  it  is  put  by  virtue  of  its  viscosity,  though  it  is  possible 
that  surface  tension  plays  an  important  role  here  also. 

In  view  of  these  facts,  great  emphasis  was  placed  on  the 
viscosity  in  testing  these  slips,  and  considerable  time  was  spent 
in  finding  a  viscosimeter  that  answered  the  purpose.  Some- 
one has  said  there  are  as  many  types  of  viscosimeters  as  there 
have  been  investigators  of  viscosity,  and  the  writer  is  no  ex- 
ception to  the  rule.  After  trying  a  number  of  different  types 
the  viscosimeter  shown  was  devised.  It  gave  excellent  results 
throughout  this  work,  and  it  is  believed  that  enamelers  would 
profit  by  the  use  of  something  similar  to  it  in  keeping  their 
slips  of  uniform  consistency.  It  is  not  impossible  that  it  would 
be  of  value  in  making  up  glaze  and  engobes.  It  is  very  simple 
to  make  and  use,  and  the  error  in  careful  work  will  be  less 
than  two  percent.  The  one  shown  cost  $2.85  complete.  The 
essential  parts  of  the  apparatus  are  two  brass  tubes  one  inch 
long  and  ^/^^  in.  and  ^/^^  in.  diameter  respectively.  The  caps 
are  held  over  the  bottom  ends  of  the  tubes  by  a  spring.  A 
graduate  is  set  under  each  tube  when  ready  for  use,  and  the 
spring  is  released  allowing  the  slip  to  flow  through  the  tubes 
into  the  graduates.  The  only  reading  required  is  the  volume 
of  slip  which  has  flown  into  each  graduate.  The  determina- 
tion of  the  viscosity  is  based  on  the  following  consideration. 
The  formula  for  the  quantity  of  liquid  flowing  through  a  pipe 
is  as  follows  :  Q  =  AT  A\J 2  gh  or  quanity  ^  /C  X  Area  of  tube 
X  Velocity  or  head.  AT  is  a  constant  for  a  given  tube  and  liquid 
and  depends  upon  the  friction  or  resistance  to  flow. 
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I 
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^  5 

I" 
^^ 

(5  'O 


\- 


a  ,     /-vrx      ffubber  f/pped 


V/SC05IH*£  rcff 
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In  the  viscosimeter  there  are  two  tubes,  a  and  b. 

For  a,  Qa  =  A'a.-Ja  \ '   2gh   ( i ) 
For  fc,  Qt,  =  K^A^  V~~2gh  (2) 

Qa        K^    A^  y^gir 

Dividing  (i)   by   (2)    — ^^^ —     -         

Ob        A'b    --^/b  V  2(7/7 


or 

•         A'a           Oa      A^ 

-^  =  ^  --°  =  A.i-  =  Viscositv 

Ab           (/b     .4a 

Tak 

e  a 

concrete  example,  with  water  in  this  apparatus, 
Viscosity  =  3.00 

Q. 

=  45  cc. 

Qb 

=  15  cc. 

45  cc.  =  A'a  A^  2  gh 
15  cc.  =  A'b  /Jb  2  gh 

dividing 

45_ 

_K^  A, 

15 

A'b  .-^b 

A'a 

A'b 

■^    A^ 

Ab  remains  constant  and  need  not  enter  the  calculation  so  long 
Aa     as  all  determinations  are  made  with  the  same  apparatus. 

It  is  general  practice  to  refer  viscosities  to  water  as  unity, 
but  since  no  two  viscosimeters  give  the  same  value  for  water,  it 
seems  just  as  logical  to  refer  the  results  to  the  apparatus  itself, 
and  that  was  done  in  the  following  determination. 

The  settling  was  determined  by  pouring  the  slip,  after  shak- 
ing, into  100  cc.  graduates,  allowing  to  settle  18  hours,  reading 
the  volume  of  water  on  top  of  the  slip,  weighing  cylinder  and 
slip,  decanting  water  from  the  top  and  weighing  cylinder  and  sed- 
iment, decanting  the  upper  half  of  the  slip,  weighing  graduate 
and  the  remaining  slip,  cleaning  the  cylinder  and  weighing  empty. 
Having  the  volume  and  weight  of  the  slip,  the  specific  gravity  was 
found  by  dividing  weight  by  volume. 

The  Slip.  In  the  first  series  the  procedure  was  to  grind 
the   frit  dry  to  pass  cSo  mesh  screen.     The  slip  was  then  com- 
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pounded  by  weighiiifj  the  frit  and  elay  dry  and  adding  the  re- 
quired amount  of  water  and  flocculating  agent  in  solution,  shak- 
ing the  slip  for  two  hours  and  allowing  to  stand  for  i8  hours  be- 
fore testing.  The  slip  in  this  series  consisted  of  lOO  grams  frit, 
TOO  cc.  of  water  and  5  percent  magnesium  sulphate,  plus  the  re- 
quired amount  of  clay. 

In  Series  2  the  sli])s  were  made  uj)  without  flocculating  agent 
and  ground  wet  through  80  mesh  screen,  after  standing  18  hours 
they  were  tempered  with  water  and  flocculating  agent  as  shown 
in  the  table.  They  were  then  shaken  by  hand  for  one  minute  and 
tested  immediately  for  viscosity.  Samples  of  these  were  poured 
into  graduates  for  a  settling  test. 

Before  deciding  upon  the  amovint  of  flocculatini^  agent  to 
use,  a  series  was  run  with  each  clay,  using  9  percent  clay  and  50 
percent  water  (based  on  the  frit)  and  aluminium  sulphate  as 
flocculating  agent  varying  (  .  i  percent.  .5  percent  and  i  percent). 
The  viscosity  of  these  was  determined  as  shown  in  Table  \T. 


TABLE   VI 

CLAY    NO. 

.Mo(S0.)3 

SP.    GR.    Ot 
SLIP 

VISCOSITV 

=  Qa  +  Qb 

percent 

No.    1 

1.0 

1.54 

6.25 

No.   2 

.1 

1.51 

7.14 

No.   2 

.5 

1.48 

4.75 

No.   2 

1.0 

1.49 

5.55 

No.   3 

.1 

1.47 

3.85 

No.  .3 

.5 

1.48 

4.35 

No.   3 

-  1.0 

1.49 

4.35 

No.  4 

.1 

1.48 

4.35 

No.   4 

.5 

1.50 

5.10 

No.   4 

1.0 

1.50 

5.26 

No.   5 

.1 

1.49 

4.17 

No.   5 

1.0               1.49 

4.17 

These  results  indicate  that  the  amount  of  flocculating  agent 
does  not  affect  the  result  very  much,  provided  a  sufficient  amount 
is  added  to  flocculate  the  clay.  The  maximum  and  minimum 
points  noted  by  others  in  studying  this  problem  are  no  doubt 
here  obtained,  but  in  this  case  where  the  amount  of  clay  is  so 
small  in  proportion  to  the  total  slip  the  difference  in  viscosity 
is  not  of  any  consequence.     Therefore  it  was  decided  that  no 
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great  error  would  be  introduced  by  using  the  same  amount  of 
flocculating  agent  in  each  slip.  The  amount  decided  upon  was 
that  which  is  ordinarily  used  in  commercial  practice. 

The  results  are  shown  in  the  Tables  and  Figures.  The  clay 
No.  7  was  added  to  the  list  after  most  of  the  preliminary  work 
had  been  done.  It  is  a  clay  which  is  being  supplied  to  the  trade, 
and  the  dealers  claim  it  to  be  very  satisfactory.  It  looks  very 
much  like  Florida  clay  and  corresponds  very  closely  to  Xo.  5  in 
every  respect.  In  the  second  series  clays  No.  4  and  6  have  been 
dropped  and  No.  7  added. 

Table  VII  shows  that  with  low  clay  content  No.  3  is  su- 
perior to  all  others  with  No.  2  and  No.  i  not  much  inferior. 
Numbers  4,  5  and  6  are  decidedly  inferior  in  floating  power 
judging  from  the  differences  in  specific  gravity  of  upper  and 
lower  half  of  the  slip. 

TABLE  VII.   SETTLING  OF  ENAMELS  MADE  AT  DIFFERENT  SP.  GR. 
WITH  VARIABLE  AMOUNTS  OF  DIFFERENT  CLAYS 

.5  Percent  MgSO*  Constant 
Series  1. 


CLAY 

NO. 

Pfr«>.( 

WATER 
ON    TOP 

cc. 

OKICINAI 

VOLUME 

CC. 

ORIGINAL 
SP.    GR. 

SP.    GR. 

HALF   OF 

SEDIMENT 

SP.    GR. 

DIFFER- 

1 

1          1       1.75  1 

50 

1.37 

1.56 

1.62 

.06 

2 

1          !       1.75  1 

50 

1.36 

1.56 

1.62 

.06 

3 

1               18        1 

50 

1.38 

1.56 

1.64 

.05 

4 

1               19.5     i 

50 

1.36 

1.56 

1.64 

.08 

0 

1               20        1 

50 

1.38 

1.60 

1.79 

.19 

6 

1          !     19.5 

50 

1.36 

1.59 

1.91 

.22 

2 

2.5       1     14.5 

50 

1.40 

1.57 

1.58 

.01 

.S 

2.5      '     15 

50 

1.39 

1.56 

1.57 

.01 

4 

2.5      1     16.5     ! 

50 

1.39 

1.58 

1.63 

.05 

■-> 

2.5       '     17.5     1 

50 

1..38 

1.58 

1.67 

.09 

6 

2.5           15.5 

1 

50 

1.42 

1.56 

1.65 

.09 

Table  \TI  shows  somewhat  diff'erent  when  judged  on  the 
same  basis  as  the  above  but  it  will  be  noted  that  the  water  on 
top  of  the  slip  indicates  that  here  also  Nos.  2  and  3  are  superior. 
They  have  settled  less  than  the  others,  and  this  condition  would 
tend  to  facilitate  settlement  of  the  frit,  the  larger  volume  of  slip 
proper    (called    sediment   in   the   table)    decreasing   its    density. 
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Therefore  the  apparent  flifiference  in  favor  of  Nos.   i,  5  and  7 
as  shown  bv  the  (difference)   eohmin  is  not  all  real. 


TABLE   VIII 

Series  2. 


9.5 

50 

7 

50 

6 

50 

9 

50 

9 

50 

4.5 

50 

4 

50 

2.5 

50 

6.5 

50 

5.5 

50 

1.49 
1.49 
1.46 
1.51 
1.49 
1.50 
1.58 
1.57 
1.56 
1.54 


1.60 
1.56 
1.52 
1.63 
1.59 
1.61 
1.63 
1.59 
1.63 
1.61 


1.66 
1.67 
1.60 
1.60 
1.62 
1.61 
1.71 
1.69 
1.61 
1.64 


.06 
.11 

.08 

—  .03 
.03 

.00 
.08 
.10 

—  .02 
.03 


One  point  of  interest  in  Table  VIII  is  the  "difiference"  in 
case  of  Ko.  5.  The  minus  sign  means  that  the  upper  half  of  the 
sediment  is  heavier  than  the  lower  half.  The  same  relative  re- 
sult is  obtained  in  two  different  cases,  with  different  specific 
gravity  of  the  original  slip.     No  explanation  of  this  is  offered. 

The  settling  data,  as  a  whole,  points  to  No.  2  as  nearest  to 
clay  No.  3,  but  the  kaolins  show  a  surprising  power  of  prevent- 
ing sedimentation.  It  must  be  said,  however,  that  the  conditions 
here  are  not  exactly  what  are  encountered  in  commercial  prac- 
tice. The  slip  in  dipping  tubs  is  continually  stirred,  and  this  has 
the  effect  of  washing  out  the  heavier  particles  and  facilitating 
sedimentation  as  soon  as  the  stirring  ceases.  This  phenomenon 
was  noted  in  these  experiments  and  has  often  been  noted  in 
practice.  Occasional  stirring  of  the  slip  on  top  causes  the  frit 
to  settle  to  the  bottom  leaving  clay  on  top. 

The  viscosity  curves  represent  graphically  the  relative  values 
of  these  clays  for  enamel  purposes.  The  curves  tell  their  own 
story,  and  the  results  are  quite  sharply  defined.  Enamels  must 
have  a  high  viscosity  with  a  low  weight  per  cc.  From  Figure  2 
it  is  evident  that  the  ball  clays  are  far  in  the  lead,  and  clay  No. 
2  is  as  good  or  better  than  No.  3. 
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Clay  No.  i  shows  well  but  decidedly  inferior  to  a  mixture 
of  2  and  5,  half  and  half.  Figure  3  shows  clay  No.  3  decidedly 
in  the  lead  and  No.  5  (Florida)  a  Httle  better  than  clay  No.  2. 
This  sheet  represents  actual  factory  practice,  and  it  is  in  the 
enamel  tempered  with  borax  that  most  trouble  comes. 

Comparing  F"igures  2  and  3  it  will  be  noted  that  in  Figure 
2  a  very  high  viscosity  is  obtainable  with  weight  of  slip  as  low 
as  154  grams  per  ioo  cc.  hut  in  order  to  get  these  viscosities,  as 
in  Fig.  3.  the  weight  per  cc.  must  be  increased  to  about  162 
grams  per  100  cc.  This  heavy  weight  per  cc.  makes  it  very 
difificult  to  distribute  the  enamel  over  the  ware  and  also  makes 
the  enamel  tend  to  flow  down  the  vertical  sides  of  the  ware 
because  of  its  specific  gravity.  The  high  specific  gravity  tends 
to  overcome  the  viscosity  which  prevents  flowing. 

For  these  reasons  enamelers  in  tempering  their  enamel  aim 
at  a  certain  value  of  viscosity  as  related  to  weight  per  cc.  This 
is  learned  by  practice  and  is  very  much  the  same  as  tempering 
clay  in  a  pug  mill.  There  is  no  mathematical  expression  for  this 
value,  and  so  far  there  has  been  no  attempt  made  to  fix  upon  it, 
but  the  relation  is  shown  on  these  curves. 

Examining  Fig.  4,  it  will  be  noted  that  where  no  floccu- 
lating agent  is  used  a  maximum  viscosity  of  6.5  for  these  clays 
is  obtained  at  a  weight  of  174  grams  per  100  cc,  and  at  160 
grams  the  viscosity  in  all  cases  is  down  near  that  of  water. 
Even  with  this  viscosity  of  6.5,  which  is  the  maximum  obtained, 
these  slips  will  run  down  the  sides  of  the  ware;  but  where 
tempering  agents  are  used  giving  viscosities  of  6.5  at  much  lower 
weight  per  cc.  the  enamel  does  not  flow  down  the  sides.  Vis- 
cosity as  low  as  4.5  is  permissible  provided  the  weight  ]ier  100 
cc.  is  not  far  above  150  grams.  Comparison  of  Figures  2.  3  and 
4  shows  not  much  relative  change  in  the  positions  of  the  clays, 
but  there  is  a  decided  difference  in  the  efficiency  of  flocculating 
agents.  Figure  5  gives  a  comparison  of  the  three  clays  which 
were  selected  as  the  best  of  those  tested : 

Clay  No.  3  (Valender)  is  decidedly  superior. 

Clay  No.  2,  Tenn.  ball  clay,  next  to  No.  3  and  in  some  cases 
superior. 
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Clay  No.  5,  Florida  clay,  next  and  surprisingly  good  for  the 
purpose  intended. 

Conclusions.  There  has  been  a  vast  amount  of  work 
done  in  devising  some  method  of  measuring  the  plasticity  of  clay 
but  as  yet  no  satisfactory  method  of  obtaining  an  expression  for 
plasticity  in  mathematical  terms  has  been  found. 

The  work  undertaken  in  this  study  involved  a  problem  of 
precisely  the  same  nature,  but  it  was  simplified  somewhat  be- 
cause the  material  studied  was  fluid  rather  than  plastic.  Still 
the  thing  that  had  to  be  measured  was  the  consistency  of  the 
enamel.  This  term  consistency  corresponds  quite  closely  to 
pla.sticity  of  clay  and  like  the  latter  has  always  been  judged  by 
the  sense  of  feeling.  The  enameler  can  take  his  can  of  salts  and 
a  bucket  of  water,  and  if  the  enamel  is  not  already  too  thin  he 
can  temper  it  up  just  to  suit 'him. 

While  this  is  good,  it  is  unscientific,  and  where  exact  stand- 
ards are  obtainable  they  are  given  preference  in  this  scientific 
age. 

It  is  believed  that  the  results  obtained  in  these  experiments 
have  accomplished  two  things. 

1.  An  American  clay  has  been  found  tliat  ranks  fairly  well 
with  the  German  Valender  clay  when  used  in  enamels.  Further- 
more, it  has  been  shown  that  because  a  clay  is  a  ball  clay  it  does 
not  necessarily  follow  that  it  is  good  for  floating  enamels  and 
glazes.  Florida  clay  is  better  for  this  jnirpose  than  Kentucky 
ball  clay  or  English  M  and  M. 

2.  A  simple  method  has  been  devised  for  measuring  the 
viscosity  of  enamels  and  the  relation  between  the  viscosity  and 
specific  gravity  (which  can  be  determined  approximately  by 
weighing  a  known  volume)  gives  a  value  which  represents  the 
consistency. 

By  using  this  value  enamels  or  glazes  or  slips  can  be  kept 
constant  and  thereby  more  nearly  uniform  results  obtained. 

DISCUSSION 

Mr.  Dcnmcad:  T  should  like  to  add  a  word  to  the  dis- 
cussion of  this  paper.  We  have  been  through  this  same  thing 
in  our  enameling  ])lant  at  Sclien*ctady.  and  did  not  find  any  of 
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the  clays  satisfactory  that  Air.  Shaw  advises.  We  found  clays 
of  a  very  peculiar  nature  and  source  that  were  very  satisfactory, 
and  it  might  be  of  interest  to  some  members  of  the  body  to 
know  the  names  of  these  clays.  We  found  an  air  floated  clay 
from  Harbison  and  Walker,  and  a  glass  pot  clay  from  William 
Govels.  These  were  excellent  for  ground  coats.  We  found 
a  "gold"  clay  (termed  so  by  Rossler  and  Hasslocher)  to  be  very 
fine  for  the  other  coats.  Mr.  Smith  may  tell  us  what  "gold" 
clay  is. 

Air.  Smith:  I  have  nothing  to  say  except  that  it  comes 
from  Florida.     If  anybody  wants  a  test,  they  can  try  it. 

Mr.  Brozi'ii:  I  would  like  to  ask  Mr.  Shaw  whether  he 
found  a  difference  between  the  Tennessee  ball  clay  and  the 
Valender  clay,  insofar  as  the  color  of  the  white  enamel  is 
concerned?  Also  whether  he  found  that  the  Tennessee  ball 
clay  contained  impurities,  such  as  lignite,  which  would  tend  to 
introduce  black  specks  into  the  white  enamel  ? 

Mr.  Shazv:  That  is  one  disadvantage  to  some  extent.  The 
Tennessee  ball  clay  is  much  better  in  that  respect  than  other 
ball  clays,  but  it  does  contain  more  carbonaceous  matter  than 
the  Valender  clay,  by  far.  One  of  the  great  virtues  of  the 
Valender  clay  is  its  great  purity.  That  would  not  afTect  the 
results  so  far  as  the  ground  coats  are  concerned,  but  in  white 
enamels,  there  would  be  some  disadvantage.  I  do  not  claim 
that  the  Tennessee  ball  clay  is  as  good  as  the  Valender  clay. 
None  that  I  tested  were  as  good  as  the  Valender  clay  for  that 
purpose,  but  the  Tennessee  ball  is  the  nearest  to  it. 

Mr.  Staley:  I  would  like  to  ask  Mr.  Shaw  whether  these 
clays  were  clays  free  from  organic  and  oily  matters?  In  trying 
to  use  ball  clays.  I  found  that  a  good  many  seemed  to  have  a 
sort  of  oily  matter  that  interfered  in  floating  enamels  evenly  onto 
metal.  I  have  used  Florida  clay  which  seemed  to  work  very 
satisfactorily.  I  thought  that  was  due  to  the  absence  of  any 
fonn  of  organic  matter  in  the  Florida  clay. 

Mr.  Shaw:  I  think  that  is  the  question  I  answered  last. 
There  is  some  organic  matter  in  the  Tennessee  clay  and  in  the 
Kentucky  clay  that  would  tend  to  be  injurious,  but  the  Tennessee 
clay  can  be  used  in  enamels  with  good  effect. 
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Mr.  Staley:     What  is  the  miiiiher  of  the  clay? 

Mr.  Slnn^':  Xunibor  ii.  h'lorida  clays  can  be  used  too,  but 
they  are  not  as  good  as  Tennessee  ball  clay. 

Mr.  Paste:  I  have  one  question  tiiat  is  a  little  bit  aside 
the  question.  Mr.  Shaw  made  a  comparison  or  insinuated  a 
comparison  between  the  relative  merits  of  the  magnesia,  borax 
and  tin  chloride.  I  was  wondering  if  you  made  the  comparison 
based  on  the  same  percentage  of  \ehicle  i)resent  or  did  you 
comi)are  magnesium  sulphate  and  borax,  based  on  chemical 
equivalents  of  the  two  substances? 

Mr.  Sliaw:  I  did  not  go  into  details  to  describe  that  in  the 
paper.  I  determined  first  the  amount  of  each  of  these  ingredi- 
ents that  would  give  the  maximum  viscosity  of  enamels.  The 
amount  of  magnesium  sulphate  used  was  5  percent.  There  are 
maximum  and  miniiuum  points,  but,  as  applied  to  enamels  where 
there  is  only  10  percent  of  clay  in  the  mix,  it  does  not  affect  the 
viscosity  to  such  a  great  extent  as  in  the  case  of  pure  clay.  I 
made  tests  to  determine  how  much  of  each  of  these  flocculating 
agents  I  would  need  to  add  in  order  to  get  maximum  viscosity. 
In  the  case  of  magnesium  sulphate,  I  used  0.5  percent  of  the 
weight  of  the  frit;  in  the  case  of  the  borax,  T  used  3  percent, 
and  in  the  case  of  the  tin  chloride,  I  used  0.5  percent.  The 
annnnits  used  were  all  determined  beforehand  so  that  they  would 
give  ma.ximum  results. 

Mr.  Bccchcr:  What  was  the  density  of  the  Kentucky  liall 
clay  used  ? 

Mr.  Shaxv:     Can  you  tell  me  that.  Professor  Binns? 

Mr.   Iliiiiis:     IMandlc's   Xumber    i. 

il/r.  McDoiigal:  Did  -Mr.  Shaw  find  that  the  definite  quan- 
tity of  magnesium  sulphate  used,  5  percent,  gave  him  a  maximum 
flocculating  effect,  no  matter  which  clay  was  present  in  the 
enamel  ? 

Mr.  Sluvii':  Ves,  tiiat  is  appro.ximately  correct.  The  ex- 
periment is  in  the  paper  showing  those  results.  I  ran  that 
through  on  all  clays,  varying  the  amount  of  each  of  these 
flocculating  agents  in  all  the  clays.  Tt  varies  somewhat,  but  the 
(litTercnce  is  so  small  that   no  aiiiireciable  error  was  introduced 
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in  using  a  constant  amount  of  these  flocculating  agents  in  each 
one  of  these  clays. 

Mr.  Binns:  I  want  to  correct  a  statement  that  I  made  just 
now  by  a  slip  of  the  tongue.  That  clay  that  was  asked  about, 
the  Kentucky  clay,  is  not  Handle's,  it  is  the  clay  of  the  Ken- 
tucky Construction  and  Improvement  Company,  I  think  it  is  Num- 
ber 6,  Alandle's  is  the  Tennessee  clav. 


NOTES   ON   THE   MANUFACTURE   OF   PROMENADE 
TILE 

BY   MARION    W.   BLAIR,   M.   E. 

In  191 2  Mr.  W.  H.  Gorsline  of  Rochester,  N.  Y.,  presented 
to  this  Society  a  paper  discussing  some  of  the  difficulties  en- 
countered in  the  manufacture  of  stiff-mud  floor  tile,  (now  gen- 
erally designated  as  "promenades"  if  6  in.  by  9  in.  or  "quar- 
ries" if  6  in.  by  6  in.)  and  the  methods  used  to  overcome  them. 

Since  that  time  the  writer  has  spent  nearly  four  years  in 
a  plant  making  such  tile,  endeavoring  to  improve  the  methods 
of  manufacture.  While  many  of  the  difficulties  encountered 
were  similar  to  those  already  described,  the  solution  was  worked 
out  independently  and  in  most  cases  by  another  route.  The  ad- 
dition of  this  experience,  therefore,  to  the  Society's  records  may 
not  be  amiss. 

The  plant  in  question  is  located  in  the  northern  part  of 
Pennsylvania  and  was  the  outgrowth  of  a  side  line  produced  in 
a  brick  plant  nearby,  whose  experiments  were  by  no  means 
conclusive.  Yet  the  new  plant  was  built  to  manufacture  tile 
or,  as  the  promoters  gave  out,  brick  if  the  tile  should  prove  a 
failure. 

The  design  followed  essentially  brick-plant  ideas,  and  as 
a  result  the  manufacture  of  tile  had  to  be  adapted  to  brick-plant 
design  both  in  machinery  and  kilns,  as  well  as  to  the  use  of  a 
brick  shale  without  the  admixture  of  other  clays.  Correct  en- 
gineering would  have  dictated  a  design  suitable  to  the  product : 
smaller  kilns,  more  compact  machine  room,  molding  rooms  and 
controlled  drying  facilities.  The  first  year's  operation  resulted 
in  failure  and  financial  loss,  and  the  reorganized  management 
was  well  on  toward  the  end  of  its  first  year  when  the  writer 
became  interested  in  the  plant  and  its  production.  At  that  time 
the  demand  for  tile  was  beyond  the  supply,  while  brick  were 
difficult  to  move  at  any  price.  The  problem  then  was  to  make  a 
marketable  tile  with  the  equipment  at  hand,  consisting  of  power 
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plant,  dry  pan,  inclined  gravity  screen  of  perforated  metal,  pug 
mill,  small  auger  machine,  two  tile  cutting  tables  of  the  Bensing 
type,  a  gas-fired  direct-heat  dryer  and  eight  gas-fired,  thirty-foot, 
round,  down-draft  kilns. 

The  hollow-tile  method  with  the  corners  scored  had  already 
been  tried  and  abandoned,  and  tile  were  then  being  run  on  an  oil 
lubricating  die  in  a  single  column.  They  were  faced  on  the  off 
bearing  belt,  and  the  pairs  hacked  one  deep  on  rack  cars  with 
wooden  pallets.  The  hackers  used  a  wide  trowel  to  lift  the  tile 
from  the  belt  to  the  pallet. 

Owing  very  largely  to  avoidable  mechanical  defects,  less 
than  thirty  percent  of  the  tile  made  were  in  a  fit  condition  to 
ship,  and  that  thirty  percent  would  not  go  in  the  market  today 
as  second  grade. 

Among  the  defects  found  in  the  6  by  9  tile  were  roughness 
of  surface  due,  in  part,  to  crumbs  of  clay  sticking  to  the  surface 
of  the  column  and  caught  between  the  faced  tile.  Side  checks 
or  cracks  varied  from  a  hair  line  a  fraction  of  an  inch  in  length 
to  an  open  crack  half  way  across  the  tile.  Blisters  were  frequent 
and  on  breaking  down,  left  a  rough,  irregular  hole  in  the  tile's 
surface.  There  were  many  irregularities  of  length  between 
separate  tile  and  inequalities  of  length  in  the  same  tile.  Ends 
were  both  concave  and  convex,  and  many  tile  were  simply  out 
of  square.  This  is  descriptive  of  the  thirty  percent  going  to  the 
stock  piles.  The  other  seventy  percent  were  going  to  the  dump 
as  bats. 

The  tile  were  set  on  the  flat,  twenty-four  high,  with  eight 
to  twelve  green  brick  under  them.  No  boxes  or  saggers  were 
used.  The  problem  was  to  increase  output  and  decrease  break- 
age, as  well  as  to  improve  quality.  It  was  soon  discovered,  in 
fact  already  known,  that  the  breakage  occurred  in  the  dried  tile 
before  the  kiln  was  fired.  The  cracking  of  the  tile  in  the  lower 
courses  could  be  distinctly  heard  as  the  weight  increased  with 
the  placing  of  the  upper  courses.  The  side  check,  however,  was 
not  entirely  a  result  of  weight,  as  that  defect  appeared  in  the 
upper  courses  of  the  kiln  where  they  were  free  from  weight. 
The  bats  were  attributed  to  three  principal  causes :  First,  some 
rupture  of  bond  in  the  clay  column:  second,  warp  in  the  dryer; 
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third,  the  weight  on  the  warped  though  unbroken  tile.  It  was 
concluded  that  the  warp  was  increased  by  the  rupture,  that  the 
elimination  of  the  latter  would  lessen  the  former,  and  further 
that  the  elimination  of  both  would  lessen  the  effect  of  the  weight. 
It  followed  that  correction  must  begin  at  the  machine. 

It  was  found  that  the  clay  column  was  being  allowed  to  sag 
and  also  move  sidewise  between  the  mouth  of  the  die  and  the 
cutting  table,  which  accounted  for  a  part  of  the  ruptured  column. 
A  steel  plate  with  angle  side  guides  bolted  to  the  mouth  of  the 
die  corrected  the  trouble  at  that  point.  In  the  process  of  facing 
the  tile,  crumbs  would  often  break  one  tile  or  both.  The  flopper 
would  also  bend  the  upper  tile  slightly,  and  if  the  pair  was 
dried  with  the  bend  in  the  tile,  the  upper  one  would  often  break 
under  additional  weight. 

A  low  pressure  blower  blowing  through  a  two-inch  pipe 
across  the  column  between  the  cutting  table  and  the  flopper 
eliminated  the  crumbs  of  clay.  Its  installation  was  not  ex- 
pensive as  it  was  picked  out  of  the  junk  pile.  Its  value  to  the 
plant  was  many  thousands  of  dollars. 

A  brass  roller  about  five  inches  in  diameter,  weighing  about 
twenty  pounds,  keyed  to  a  shaft  with  spindles  turned  down  to 
one-half  inch  and  suspended  over  a  steel  plate  placed  under  the 
off  bearing  belt  just  high  enough  to  ride  a  pair  of  tile  if  they 
presented  a  hump  but  to  remain  stationary  if  the  pair  happened 
to  be  straight,  put  all  tile  straight  and  in  perfect  contact.  These 
two  devices  more  than  doubled  the  amount  of  whole  tile. 

We  began  to  increase  the  number  of  tile  to  the  kiln,  setting 
the  tile  higher  and  leaving  out  some  of  the  brick  courses.  Too 
high  a  percentage  of  warped  and  consequently  broken  tile  per- 
sisted, due  to  the  single  hacking  and  wooden  pallets.  Therefore 
steel  pallets  with  separating  lugs  for  air  circulation  were  tried  out 
in  a  small  way,  and  their  apparent  success  led  to  the  complete 
equipment  of  the  cars  and  the  wood  pallets  were  -discarded.  A 
certain  amount  of  warp  still  persisted,  and  blisters  sometimes 
appeared,  causing  a  loss  of  nearly  forty  percent.  In  the  mean- 
time the  manufacture  of  brick  for  the  bottoms  of  the  kilns  had 
been  stopped,  and  burned  brick  in  less  quantity  were  used  over 
and  over.     This   left  out   of   service   a  number  of  double-deck 
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brick  cars  which  could  only  be  used  for  tile  by  placing  them  in 
vertical  stacks  twelve  or  fourteen  high  on-  each  deck.  It  soon 
became  apparent  that  while  the  tile  on  these  cars  dried  very 
slowly  they  were  comparatively  free  from  both  warp  and  blister. 
Pallets  were  removed  from  the  rack  cars,  allowing  similar  stack- 
ing on  them.  We  were  soon  able  to  increase  the  height  of  the 
setting,  finally  maintaining  seventy-eight  as  the  standard  setting. 
In  such  a  kiln  some  four  thousand  tile  were  used  as  ties  and, 
including  these,  a  kiln  losing  less  than  ten  percent  in  bats  was 
not  uncommon. 

\'arious  combinations  —  groupings  and  arrangements  —  in 
setting  were  tried.  At  one  time  the  bottom  courses  were  set  on 
edge  which  reduced  the  breakage  but  so  increased  the  number  of 
off  grade  tile  due  to  kiln  warp  that  it  was  abandoned.  Fire  clay 
slabs  were  introduced  at  different  points,  but  except  in  burning 
shapes,  the  boxes  or  slab  and  stilt  method  used  at  some  plants 
was  studiously  avoided.  This  was  done  because  it  was  felt  that 
a  rhechanically  correct  tile  had  sufficient  strength  to  support  the 
weight  necessary  to  be  put  upon  it  and  that  the  increased  kiln 
capacity,  labor  and  fuel  saving  would  more  than  justify  a  slight 
loss  in  bats.    Our  final  choice  of  setting  was  as  shown  in  Fig.  4. 

Two  brick  faced,  on  which  were  two  on  the  flat,  were  used 
in  the  bottom ;  between  the  top  brick  and  a  7  by  10  by  2^  fire- 
brick slab  was  placed  a  leveling  strip  of  green  clay.  The  slabs 
were  thus  brought  to  a  definite  and  uniform  level  each  burn,  with- 
out regard  to  any  slight  differences  in  the  kiln  bottom.  On  these 
fire-brick  slabs  was  placed  a  doul)le  twelve  stack  of  tile.  The 
top  pair  were  removed  from  the  stacks  as  they  came  through 
the  dryer  on  account  of  unavoidable  warp  and  those  four  tile 
were  placed  on  top  of  the  setting  where  they  would  not  be  subject 
to  weight.  Staggered  on  the  twenty- four  were  placed  five  tens 
and  a  four,  making  the  setting  seventy-eight  high. 

At  the  same  time  that  the  experiments  described  in  straight- 
ening, hacking  and  setting  were  being  carried  on,  many  slight 
changes  were  made  in  the  die,  trying  to  overcome  the  shrinkage 
defects  due,  as  Gorsline  points  out.  to  a  differential  flow  of  the 
clay.  Believing  that  the  oil  lubricated  die  could  be  worked  out 
successfully,  nil  our  efforts  were  concentrated  on  that  type.     The 
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die  used  is  of  the  cork  in  bottle  type,  with  a  single  scale  or  oil 
ring  at  the  back.  The  die  itself  was  of  gray  cast  iron  machined 
all  over.  Starting  with  a  die  three  inches  long,  it  was  gradually 
increased  until  the  final  length  was  roughly  equal  to  the  width  of 
the  column.     The  construction  is  shown  in  Figures  2  and  3. 

Starting  with  a  lubrication  obtained  by  a  steam  pressure  of 
forty  to  sixty  pounds,  we  finally  resorted  to  air  pressure  of  two 
hundred  twenty-five  to  two  hundred  fifty  pounds,  the  lubricator 
shown  being  installed  to  handle  it  conveniently. 

Experiments  in  the  distribution  of  clay  by  means  of  ribs 
were  also  made,  holding,  however,  to  the  original  sizes  and 
weights.  The  different  arrangements  are  shown  and  the  value  of 
the  present  design  will  readily  be  seen. 

Double  dies  were  tried  —  both  those  running  the  tile  face  to 
face  and  those  running  them  back  to  back.  Neither  style  was 
satisfactory,  as  it  was  impossible  to  preserve  a  perfect  face  on 
both  the  top  and  bottom  tile.  Coming  back  to  the  single  die,  its 
bad  features  were  gradually  eliminated.  Blisters  disappeared  as 
we  increased  the  weight  of  the  drying  stacks.  The  concave 
and  convex  ends  disappeared  with  better  controlled  lubrication. 

As  the  quality  increased,  the  exactions  of  the  trade  grew 
apace.  Each  tile  was  inspected  carefully  before  going  to  stock  or 
car.  This  inspection  was  found  to  be  done  best  outside  the  kiln, 
so  after  cooling  the  tile  were  drawn  in  zones  for  shade  and 
taken  to  a  sorting  bench  to  be  graded  for  size  and  quality.  Con- 
trary to  expectation  we  had  little  difficulty  in  separating  the  tile 
from  the  lower  courses.  No  sand  was  used,  and  the  ready 
separation  was  no  doubt  due  to  the  tough  skin  surface  produced 
under  the  pressure  employed.  It  is  also  probable  that  the  surface 
became  slightly  impregnated  with  the  oil  used,  which  would 
lessen  its  tendency  to  stick.  It  is  at  least  interesting  to  note  that 
brick  made  of  the  same  material,  set  without  sand,  was  not  a 
success. 

Other  sizes  up  to  12  in.  by  12  in.,  as  well  as  many  special 
shapes,  such  as  coves  and  nosings,  were  run  through  dies  sim- 
ilarly constructed.  Shapes  with  re-entrant  curves  and  angles 
were  made  on  a  hand  press,  using  molds  with  white  metal  fillers. 
It  was  very  difficult  to  prevent  blisters  on  surfaces  which  were 
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■exposed  to  drying  conditions.  \'o  doubt  a  lack  of  properly 
controlled  drying  rooms  was  largely  responsiljle  for  such  results. 

Variation  in  size  is  still  the  source  of  considerable  com- 
plaint, and  this  could  no  doubt  be  helped  by  the  introduction  of 
refinements  in  the  selection  and  preparation  of  raw  materials  but, 
like  the  manufacture  of  many  other  clay  products,  the  low  prices 
and  the  growing  competition  make  questionable  the  wisdom  of 
increased  investment  and  manufacturing  costs. 

If  it  were  possible  to  accumulate  the  experiences  of  several 
manufacturers  and  so  design  a  plant  and  so  select  its  location  as 
to  raw  material,  fuel  and  market  as  to  avoid  the  costly  experi- 
mental work  of  the  first  few  years'  operation,  the  manufacture  of 
promenade  tile  could  be  made  interesting,  pleasant  and  profitable. 


IN     WHAT     CHEMICAL     CONDITION     DOES     MAN- 
GANESE EXIST  IN  GLASS   WHEN   USED  AS  A 
DECOLORIZER,  AND  WHAT  FACTORS  OF 
FURNACE  CONDITIONS  AFFECT  IT? 

DISCUSSION 

Mr.  Frill k:  Anyone  who  is  acquainted  witii  glassmaking 
and  glassmakers,  knows  that  it  is  a  fixed  and  prevailing  idea 
among  them  that  certain  furnace  conditions  will,  if  produced  over 
any  considerable  period  of  time,  bring  about  a  condition  of  color 
in  the  glass  which  is  termed  as  "burning  out"  of  the  manganese, 
thereby  producing  green  glass.  What  occurs  within  the  furnace 
to  produce  that  condition  which  negatives  the  effect  of  the 
manganese  is  as  yet.  I  believe,  unexplained  or  unaccounted  for. 
It  is  presumed  by  some  that  this  burning  out  occurs  because  of 
too  sharp,  or  too  high  oxidizing  fire,  by  others  because  of  too 
soft  or  reducing  fire. 

I  may  cite  an  instance  of  where  a  furnace  was  run  with  the 
use  of  4^/2  pounds  of  manganese  to  the  i,ooo  pounds  of  sand 
over  a  long  period  of  time,  and  made  glass  of  good  color.  When 
this  factory  experienced  trouble  with  their  color,  they  gradually 
increased  the  manganese  until  they  were  using  20  pounds  to  the 
1,000  of  sand,  but  instead  of  producing  the  white  glass  desired 
thev  could  only  obtain  a  dark  green  color.  Analysis  of  the  other 
batch  constituents  showed  no  material  change  between  the  quan- 
tity of  iron,  present  in  the  raw  materials  in  the  last  instance  from 
"what  was  present  in  the  first  instance. 

Tlierefore,  it  would  seem  that  furnace  conditions  are  solely 
responsible,  and  it  has  been  proven  that  reducing  gases  within 
the  furnace  will  produce  the  green  color,  complete  oxidizing  con- 
ditions a  clear  water-white,  while  a  neutral  or  inert  condition 
produces  a  pink  to  a  violet  tint,  but  in  what  form  does  manganese 
exist  in  the  finished  glass  under  these  conditions  of  color,  and 
what  is  required  to  produce  them? 

(370) 
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It  has  also  been  stated  that  as  the  hiiie  and  magnesia  con- 
tent increases  as  related  to  the  silica  in  the  glass,  the  effect  of 
manganese  becomes  more  pronounced  and  sensitive  to  fire  con- 
ditions, while  the  higher  the  soda  content  in  the  glass  as  related 
to  silica  the  less  effective  becomes  the  manganese,  but  the  more 
stable  is  the  color  under  certain  specific  furnace  conditions. 

Therefore,  what  factors  of  furnace  operation  become  ef- 
fective, and  how  shall  we  control  those  factors  so  as  to  produce 
uniform  color  with  different  compositions? 

Mr.  Frink:  Here  is  a  problem  on  which,  perhaps,  the 
porcelain  people  can  give  us  some  light.  Professor  Orton  just 
a  few  moments  ago  cited  an  instance  of  where  manganese 
was  increased  from  17  pounds  up  to  23.  or  such  a  matter,  and 
he  also  cited  an  instance  of  where  it  was  increased  from  14  up 
to  40,  with  substantially  or  what  they  presumed  was  the  same 
furnace  conditions,  and  still  obtained  green  glass.  In  other 
words,  the  quantity  of  manganese  put  into  that  glass  seemed 
to  make  no  difference  whatsoever  with  the  color,  it  was  green 
just  the  same.  Now,  there  are  instances  of  where  only  6  pounds 
of  manganese  is  used  and  good  color  is  obtained.  I  know  of  an 
instance  not  far  from  New  York  City  where  they  are  using  36 
pounds  of  manganese  and  substantially  the  same  color  is  ob- 
tained as  where  6  pounds  is  used.  Professor  Orton  just  told 
me  of  an  instance  of  where  they  went  from  green  over  to  violet 
with  probably  substantially  no  change  in  the  furnace  other  than 
they  reduced  the  amount  of  gas  going  into  the  furnace,  increased 
the  air  going  into  it  and  produced  an  oxidizing  condition.  The 
fact  that  old  glass  makers  will  tell  you  that  when  you  get  a  sharp 
tire,  an  o.xidizing  fire,  you  burn  out  your  manganese  and  get 
low  color  effects,  don't  seem  to  substantiate  that ;  you  gentlemen 
who  lia\e  made  glass  and  have  made  colors,  porcelains,  tell  us 
in  what  form  does  manganese  exist  to  produce  a  white?  When 
I  say  white.  I  mean  transparent,  or  a  pink  or  violet,  and  a  green. 
All  of  these  colors  can  be  produced  by  manganese.  In  tiie  glass 
business  we  do  not  know  wh\-  it  is. 

Mr.  Doc:     Are  you  sure  about  that  green? 

Mr.  Frink:  Yes,  sir.  for  this  reason.  I  want  to  recite  a 
little  experiment   first,  so  as  to  gi\-e  you  some  idea  on   what  I 
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base  my  statement.  1  have,  in  my  laboratory,  a  pot  furnace 
for  co\ered  pots.  We  made  up  a  batch  which  contained  the 
equivalent  of  6  pounds  of  manganese  to  a  thousand  of  sand; 
that  is  our  basis  usually  in  figuring  our  glass,  which  contains 
the  equivalent  of  350  pounds  of  soda  ash  and  120  pounds,  I 
think  it  was.  of  burned  lime,  burned  lime  running  about  92 
jjercent  CaO  +  ^-[g<  *■  ^^  e  put  that  into  the  pot  and  made 
one  melt,  in  which  we  kept  a  gas  flame  burning  in  the  pot, 
just  as  smoky  flame.  We  got  green  glass.  We  then  took  that 
same  batch  and  put  it  into  the  pot  and  melted  it  with  the  pot 
simply  standing  open,  and  that  glass  was  white.  We  then 
melted  another  batch  in  the  same  pot,  introducing  oxygen  in 
the  pot  during  the  melt,  through  a  hole  in  the  cover  in  the 
stopper,  so  we  maintained  an  oxygen  atmosphere.  We  got  it 
pink  on  the  surface  and  violet  underneath.  Now,  we  took 
green  glass  and  put  it  into  a  pot  and  melted  it  under  oxygen, 
and  we  got  it  pink  on  the  surface  and  shading  down  to  a  violet 
green,  if  you  can  imagine  such  a  color.  Those  conditions  seemed 
to  me  to  prove  that  it  is  an  oxidizing  condition  or  a  neutral 
condition  that  we  require  in  the  making  of  glass,  in  maintaining 
a  high  color.  Furthermore,  we  have  made  some  other  experi- 
ments to  determine  if  manganese  would  not  produce  a  green, 
taking  a  batch  which  contains  as  small  amount  of  iron  as  it  is 
possible  to  find,  and  putting  manganese  in  and  getting  a  green 
color  otit  of  it.  I  want  to  learn  in  what  condition  manganese 
exists  as  related  to  these  colors. 

Mr.  Biniis:  Unless  I  am  mistaken,  the  manganous  form 
of  the  oxide  is  colorless  or  pale ;  the  manganic  is  a  dark  color. 
No  doubt  Mr.  Frink's  explanation  is  perfectly  correct,  but  he 
does  not  account  for  the  green,  and  I  am  assuming  that  the 
green  color  is  due  to  the  inability  of  the  manganese  to  mask 
the  iron.  His  last  statement  would  seem  to  contradict,  that,  be- 
cause he  says  there  was  practically  no  iron  present,  but  I  think 
every  glass  has  more  or  less  of  a  green  tinge,  if  not  neutralized. 
The  reduction  tends  to  develop  the  green  color  of  the  iron,  but 
the  condition  of  oxidation  allows  the  manganese  to  develop  the 
purple  and  thus  mask  the  green.  That  is  apparently  what  the 
condition   is    from   the   point   of   view   merely  of  oxidation   and 
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reduction.  I  stand  subject  to  correction  because  I  may  be 
wronj^. 

Mr  i'rink:  1  do  not  think  Prof.  Binns  needs  any  correc- 
tion. However.  I  suggest  a  possible  exi)lanation  of  the  man- 
ganese ])rockK-ing  a  green  which  is  merely  theory  on  my  part, 
and  that  is,  if  you  reduce  manganese  down  so  that  a  portion  of 
it  is  in  the  manganous  state,  isn't  it  possible  that  such  a  condi- 
tion of  manganese  would  produce  that  green.  We  get  the 
green  and  have  made  batches  where  the  iron  content  was  so 
very  small  that  it  seemed  inconceivable  that  it  would  produce 
the  green  color  w-e  get.     This  green  is  a  dark  olive  green. 

Prof.  Binns:  Do  you  know  absolutely  that  if  the 
manganese  had  been  left  out.  the  glass  would  not  have  been 
green  ? 

Mr.  h'rink :  Yes,  sir,  when  the  manganese  was  left  out, 
there  was  just  a  pale  .shade  of  bluish  green  bordering  more 
upon  the  blue. 

.1/)-.  Shai^-:  My  experience  with  glass  batches  has  beea 
that  the  amount  of  manganese  necessary  depends  upon  not  only 
the  i)iirning  condition ,  but  the  other  materials  in  the  batch. 
Where  you  are  using  40  manganese  as  the  maximum  amount. 
if  you  ])ut  some  more  niter  in,  you  can  cut  that  40  down  to 
about  10.  I  have  seen  that  done  not  only  in  glass  tanks,  but 
have  done  it  repeatedly  in  small  meltings.  The  color  of 
manganese,  so  far  as  my  experience  tends  to  show  is  that  it  is 
always  a  question  of  oxidation  and  reduction.  I  do  not  ques- 
tion at  all  what  Mr.  Frink  has  shown  here,  but  I  have  re- 
peatedly show-n  that  a  little  reduction  will  give  you  green,  no 
matter  how  much  mangane.se  you  have  there.  If  you  get  reduc- 
ing conditions,  you  get  the  green.  I  do  not  think  you  get  it 
because  of  the  manganese  but  because  of  the  iron. 

Mr.  Orton :  There  are  conditions  where  manganese  does 
give  a  green.  There  is  an  old  laboratory  stunt  we  used  to  have 
to  pull  oflf  in  analytical  work  where  we  fused  manganese  oxide 
on  a  piece  of  platinum  foil  with  sodium  carbonate  and  nitre, 
and  got  a  brilliant  green  melt  invariably.  .Also  blast  furnaces 
have  fretjuently  given  green  slags  when  dealing  with  mangani- 
ferous  ores.    This  is  not  always  the  case,  however.    I  have  seen 
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slags  coming  from  furnaces  producing  85  percent  ferro- 
manganese,  which  were  not  green.  I  am  simply  attempting  to 
show  here  that  the  green  combination  can  result ;  what  the  con- 
ditions are,  to  produce  it  I  would  not  attempt  to  define,  but  I 
have  actually  had  slags  come  out  green  when  working  with  low 
manganese  ores  (5  percent  or  under)  and  yet  I  have  seen  slags 
from  manganese  furnaces,  with  a  very  high  manganese  content 
in  the  furnaces  and  in  the  metal  reduction,  which  were  not 
green,  though  conditions  are  bound  to  be  reducing  in  a  blast 
furnace. 

Mr  Friiik  :  I  just  want  to  say  one  more  word,  which  per- 
haps will  bring  out  something  further.  Prof.  Orton's  remark 
and  Mr.  Shaw's  remark  both  corroborate  what  we  have  at- 
tempted to  show  in  speaking  of  the  use  of  niter.  In  the  in- 
stance I  cited,  no  niter  had  been  used  for  sometime.  They  put 
in  as  high  as  120  pounds  of  niter,  trying  to  overcome  that  con- 
dition, which  produced  a  lighter,  brighter  sea-green.  In  the 
e.xperiment  which  I  have  spoken  of,  in  which  we  took  the  glass 
and  superimposed  an  atmosphere  of  oxygen  over  it,  the  green 
went  from  the  olive  to  a  bright  green,  and  that,  I  believe,  is  in 
strict  accordance  with  the  explanation  Prof.  Orton  has  just  of- 
fered. In  the  case  of  the  blast  furnace  slag  or  the  glass,  the 
manganese  has  gone  into  combination  after  having  been  re- 
duced, it  is  then  put  under  oxidizing  conditions,  and  there  seems 
to  be  an  intermediate  degree  of  oxidation  which  brings  us  that 
green,  color  and  then  it  is  pretty  difficult  to  get  it  out. 

Mr.  Colin:  In  regard  to  that  manganese  contention,  if 
you  take  a  sample  of  manganese  dioxide  and  heat  it  to  a  high 
temperature  in  an  electric  furnace  in  a  reducing  atmosphere, 
you  get  that  characteristic  green,  and  although  the  general 
impression  among  glass  men  is  that  the  green  is  due  to  iron,  I 
can  appreciate  that  conditions  may  easily  be  such  that  we  would 
get  a  distinct  green  due  to  manganese.  It  is  easy  to  show,  in 
the  electric  furnace  that  the  brown  di-oxide  of  manganese  will 
reduce  to  the  green  monoxide  at  high  temperatures,  and  this 
color  appears  in  the  absence  of  any  iron. 


MANGANESE    IN    GLASS    USED   AS   A   DECOLOklZER  375 

DISCUSSION  CONTRIBUTED  AFTER  READING  THE  PAPER 

Mr.  Tillotson  :  I  wish  to  call  attention  to  the  discussion  by 
Dr.  S.  R.  Scholes  upon  this  subject  {J .  hid.  Eng.  Clicm.  7,  1037, 
1915  and  /.  Soc.  Chcm.  ind.  J5,  518,  1916).  The  work  carried 
out  by  Dr.  Scholes  was  prompted  by  observations  which  were  in 
harmony  with  tliose  stated  by  Mr.  Frink,  and  an  attempt  was 
made  to  obtain  information  regarding  the  chemical  condition 
of  manganese  in  glass.  The  paper  above  referred  to  contain.? 
a  ratlier  full  discussion  of  the  subject,  and  it  will  be  sufficient 
to  mention  here  that  all  the  evidence  indicates  that  the  pink 
colcjr  of  manganese  is  due  to  a  manganese  compound  —  pre- 
sumably a  silicate  —  in  which  the  manganese  is  in  the  trivalent 
condition.      (Mn^(J, ) 

It  also  seemed  probable  that  the  green  manganese  glass 
contained  manganese  in  the  hexavalent  form,  perhaps  as  sodium 
manganate.  Sodium  Manganate  in  the  pure  state  is  green  and 
apparently  is  formed  in  some  quantity  during  the  fusion  process, 
for  a  partially  fused  batch  shows  numerous  green  spots  scattered 
through  it.  It  was  found  possible  too  to  make  a  glass  which 
was  colored  green  by  manganese  and  which  showed  no  pink 
color  at  any  stage  of  the  fusion.  Inasmuch  as  sodium  manganate 
can  only  be  formed  in  the  presence  of  strong  bases,  one  would 
expect  that  the  green  color  would  appear  most  readily  in  very 
basic  glass  and  less  readily  in  glass  containing  a  high  percentage 
of  silicate.  This  seems  to  be  borne  out  in  practice  but  is  probably 
only  one  of  the  factors  which  may  aflfect  the  color  of  the  glass. 

Mr.  Paste :  Although  we  have  had  no  experience  with  glass 
man\ifacture  there  have  come  under  our  observation  a  few  points 
which  may  have  an  interesting  bearing  on  the  foregoing  dis- 
cussion. 

Some  years  ago  in  connection  with  experimental  work  on  a 
new  type  of  burner  for  a  direct-fire  enamel  furnace,  it  was 
necessary  to  determine  the  jiroper  air  jircssure  on  that  burner 
to  give  an  atmosiihere  in  which  the  enamel  woidd  mature  prop- 
erly. 

The  particular  experimental  burner  being  used  was  so  con- 
structed that  by  varying  the  air  pressure  a  large  range  of  at- 
mospheres  ccuKl   be   obtained    in   the  burning  chamber.      With 
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practically  no  forced  draft  there  resulted  a  very  reducing  condi- 
tion with  but  slight  combustion  taking  place  within  the  burning 
chamber  itself.  In  the  other  extreme,  with  an  air  pressure  of 
about  3^/  inches  of  water,  the  combustion  became  very  irregu- 
lar due  to  the  presence  of  a  large  excess  of  air.  The  entire 
field  between  these  two  extremes  was  covered  quite  carfully, 
and  the  point  found  at  which  the  enamel  would  mature  properly. 
The  particular  enamel  which  was  used  in  these  experi- 
ments had  been  smelted  in  the  ordinary  type  of  coal-fired  smel- 
ter. The  batch  contained  approximately  4  percent  of  potassium 
nitrate  based  on  the  total  weight  of  the  raw  materials.  The  ap- 
proximate atmosphere  existing  in  the  smelter  above  the  hearth 
Avas  the  following: 

Pcrcoit 

Carbon  dio.xide 1 7 

O.xygen 7 

Carbon  monoxide 3 

In  view  of  the  fact  that  the  theoretical  amount  of  carbon 
dioxide  in  flue  gas  resulting  from  the  combustion  of  bituminous 
coal,  is  slightly  over  17  percent,  it  will  be  seen  that  the  above  rep- 
resents practically  no  excess  of  air. 

The  enamel  from  this  smelter  was  ground  in  the  usual  man- 
ner and  applied  to  the  ware.  Under  certain  conditions  of  at- 
mosphere in  the  burning  furnace,  instead  of  a  pleasing  glossy  blue 
enamel,  the  color  was  inclined  to  be  \'ellowish  green,  and  the  gloss 
was  very  inferior.  The  degree  of  this  discoloration  decreased  as 
the  amount  of  oxygen  in  the  furnace  increased  until  beyond  a  cer- 
tain point  the  enamel  appeared  to  be  perfectly  satisfactory.  This 
range  was  covered  several  times,  and  the  average  gas  analysis 
beyond  which  the  enamel  was  always  satisfactory  gave  the  fol- 
lowing results : 

Percent 

Carbon  dioxide 7.0 

Oxygen    7.3 

In  other  words  it  required  the  presence  of  about  7  percent  of 
free   oxygen    in   the   burning  chamber   to   properly   mature   this 
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enamel.  As  the  amount  of  excess  oxygen  was  diminished  by  low- 
ering the  air  pressure,  a  gradual  discoloration  of  the  enamel  took 
place.  Increase  in  oxygen  beyond  this  point  did  not  improve  the 
enamel. 

A  jiarallel  feature  is  observed  by  enamelers  who  use  muffle 
furnaces.  When  an  ordinarily  glossy  enamel  begins  to  lose  its 
gloss  and  possibly  color,  the  first  thing  the  enanieler  looks  for  is  a 
leaky  muffle  which  means  that  reducing  gases  are  getting  through 
into  the  mufHe  from  the  combustion  chamber  surrounding  it. 

The  above  data  would  seem  to  have  some  weight  in  proving 
that  at  least  under  the  conditions  existing  in  the  enamel  furnace, 
the  amount  of  oxygen  present  in  contact  with  the  enamel  when 
it  matures  has  a  very  direct  bearing  on  the  condition  existing 
within  the  enamel  in  so  far  as  the  color-producing  power  of  the 
cobalt  is  concerned.  .Apparently  it  is  the  highly  oxidized  ma- 
terial that  gives  the  pleasing  blue  color  while  the  reduced  form 
which  results  from  low  oxygen  gives  a  greenish  yellow  color  or 
some  other  coloring  effect  exerts  itself  which  is  not  covered  up 
by  the  cobalt  blue. 
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BY  R.   II.   MIXTON,  METL'CHEN,  N.  J. 

The  production  of  Chrome-tin  colors  in  glazes  at  low  tem- 
peratures has  been  quite  thoroly  covered  by  papers  that  have  • 
appeared  in  the  Transactions,  but  little  has  been  done  with  the 
problem  of  producing  a  color  at  high  temperatures.  The  data 
presented  in  this  paper  are  the  result  of  rather  desultory  trials 
made  from  time  to  time,  to  produce  a  Cr-Sn  stain  that  would 
develop  a  red  when  used  in  a  slip  under  a  transparent  glaze  at 
cone  9. 

Three  stains  were  selected  as  follows : 

Batch  IVcights 

46 .  50  CaCOj 

10.00  PbCrO^ 

12.38  SiO, 

31.12  SnO; 

Batch  IVcights 

63.41  SnOo 

34.14  CaCOj 

2 .  44  KoCrjOj 

Stain  Xo.  70  is  the  one  selected  by  Ralcliffe  and  W'alduck 
for  their  work  in  Vol.  XVII  (see  p.  280),  and  stain  Xo.  71  is 
one  recommended  by  Carter  (Vol.  \',  p.  243). 

The  third  stain  which  we  shall  designate  as  Xo.  208,  is  one 
which  can  be  purchased  in  the  market,  aand  has  been  used  by 
the  writer  in  considerable  amounts  in  making  red  terra  cotta 
glazes  at  cone  5.     Composition  unknown. 

(378) 


Stain 

No.  70 

2.250 

CaO 

•075 

PbCrO, 

I  .000 

SiO, 

I  .000 

SnO^ 

Stain 

No.  71 

1. 000 

SnO, 

.8023 

CaCOa 

.0195 

KXr.O, 
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Three  slips  were  made  including  these  stains  as  follows: 

Slip  SA-1  Slip  SA-2  Slip  SA-3 

20  Maine  spar 

35  Flint 

38  China  clay  Same  using         Same  using 

5  Florida  kaolin 

2  Whiting  Stain  70  Stain  208 

20  Stain  /i 

These  slips  were  applied  to  a  number  of  hre  clay-grog  tiles, 
about  9  in.  by  (t  in..  ribl)ed  to  divide  them  into  twelve  equal 
divisions. 

On  each  of  these  tiles  were  apjjlied  twelve  ditlerent  glazes 
to  learn  the  type  of  glaze  best  suited  to  de\elo]j  the  red  color 
with  these  stains. 

The  twelve  glazes  used  have  the  following  formulae: 
GA-i 


;;^^2|.48ALO.     3.90  SiO, 
See  Mayer,  Vol.  I,  p.  59. 


GA-2      .30  K.,() 


•^^^;n.4o.MX).     3.HoSi(), 
.70  La()  J 

See  Montgomery  and  Kruson,  Vol.  X\T,  p.  347. 


GA-3     .20  K.O    j 

.70  CaO    I  .40  ALO3     3.50  SiO., 
.  10  MgO  ) 

See  Ilowe.  \'ol.  X\'I.  p.  492. 
GA-4     .20     KXa()\ 

:-  -■;  [ .,« AM, ..,  s». 

.  100  Sn(  I.     I 

Sec  Hill,  \'ul.  XVII.  p.  T,f<j. 
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GA-5     .150  KXaO^ 

.188  BaO      I  ,,o  cv, 

.562  CaO      [-3^5-^0,     2.75  S,a, 

.  100  SnO.    I 

See  Hill,  Vol.  XVII,  p.  389. 

GA-6     .095  KNaO^ 

.620  CaO     I       „      . ,  „  „.^. 

.188  PbO      |--^84Al,a     2.00  S,0, 

.097  BaO     ) 

See  Radcliffe  and  Walduck.  \ol.  XVII,  p.  281. 

GA-7     .  1432  KNaO  \ 

.6760  CaO      I  .3137  AUO3     2.4748  SiO, 
.1807  BaO      j  .2929  SnO, 

KNaO  from  stone  and  spar.       CaO  from  CaCO, 

GA-8     .1854  KNaO  | 

.5047  CaO      I  .4137  AI.O,     3.204  SiO, 
.3098  BaO      )  .3792  SnO, 

KNaO  from  stone  and  spar.     CaO  from  CaSO^ 

GA-9     .  1024  KNaO  \ 

.7686  CaO      I  .2282  AUG),     1.767  SiO, 
.1290  Ba()      )  .2091   SnO, 

KNaO  from  stone  and  spar.       CaO  from  CaF, 

GA-io     .1733  KNaO  J 

.6079  CaO      I  .3867  ALO,     2.994  SiO, 
.2187  BaO      )  .    .3544  SnO, 

KNaO  from  stone  and  spar.    CaO  from  CaCO.,  and  CaSO^ 

GA-ii      .1733  KNaO  "| 

.6079  CaO      I  .3867  AUO3     2.994  SiO, 
.2187  BaO     j     '  .3544  Snbj 

Add  3  per  cent  PbCrO,  CaO  from  CaCO,  and  CaSO, 
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CiA-ij      .  1733   Ki\'a(  )  j 

.6079  CaO      I  .:iS(,-  Al,,(>,,     2.994  SiOo 
.2187  BaO      j  .3544  Snb, 

KXa( )  from  ]>ar  alfine.     CaO  from  CaC"(  ),.  and  CaSO^ 

(Hazes  ('i.\-~  to  (lA-12  were  figured  into  formulae  from 
hatch  weights  of  glazes  containing  stone  which  had  been  used  at 
other  times  for  other  purposes.  In  reducing  these  to  formulae 
the  stone  was  considered  to  be : 


.6s  KNaO  )  .  ,  ^  „.,-, 

■'        „       >  i-lS  A1.,0,     10. o  SiO., 
•35  CaO       f       '^'        -    ■■ 

Combining  weight  S30. 


TABLE   I —  EQUIVALENTS 


Stone  

Spar    

Whiting  .... 
Plaster  Paris. 
Fluorspar  . . . 
Barium  Carb. 
China  Clav. . . 
Flint  ....'.... 
Tin   Oxide. .  . 


.1543 
.0430 
.0221 


.1807 
.0682 
..-)362 
.2929 


.1998 

.0557 

!  4.349 

!3098 
.0883 
.6944 
.3792 


.1102 

.0.308 


.7.301  . 

.1290 

.0486 

..38.30 

.2091 


-" 

GA-11 

.1868 

.1868 

.0.521 

.0521 

.3929 

.3929 

.1.397 

.1397 

!2i87 

!2i87 

.0861 

.0861 

.6490 

.6490 

.3544 

.3544 

.1733 
..3929 
.1397 


.2187 

.21.34 

1.4666 

..3544 


.\11  'of  the  glazes  in  Table  II  were  made  up  in  liatch 
weights  in  grams,  and  ground  lO  hours  in  a  ^mall  iiall  mill. 

Burnings.  .\  number  of  firings  was  arranged  to  note  the  in- 
fluence of  short  and  long  burning,  and  also  refirings. 

Burn  No.  i.     Fired  in  small  kiln  39  hours  to  cone  9  flat. 

Burn  No.  2.  Made  in  large  kiln  firing  144  hours  with  cone  9 
half  turned. 

Burn  No.  3.  Refiring  in  the  large  kihi  after  first  firing  in 
the  trial  kiln. 

Burn  No.  4.  Fired  again  in  the  trial  kiln  after  first  firing 
in  trial  kiln,  and  then  reliring  in  the  large  kiln. 
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Results  from  Burn  No.  i 

SA-i     Very  pale  pink.     Grayish. 
GA-i     over^  S.'\-2     Streaked  pink.     Purplish  tint. 
SA-3     Almost  white.     1'ink  tint. 

SA-i     Slightly  stronger  pink  than  with  GA-i 
GA-2     over -^  SA-2     Slightly  more  pink  than  with  GA-i. 
SA-3     Same  as  with  G.\-i. 

SA-I     Faint  grayish  pink. 
GA-3    over -J  SA-2     Less  pink  than  under  GA-i. 
SA-3     Same  as  with  GA-i. 

SA-I     Strong  pink.     Xot  uniform. 
GA-4    over  -\  SA-2     Strong   rose   pink.     Uneven   color. 
SA-2     Lighter  pink  than  with  G.\-i. 

/  SA-I     Lighter    pink    llian    with    G.\-4.      Not 

uniform. 
!  SA-2     Ligliter    rose    than    with    (i.-\-4.      Not 

uniform, 
i   SA-3     Lighter    pink    than    with    G.\-4.      Not 
I  uniform. 


GA-5    over  -I 


S.\-i  T^inkish  gray  color.     Glaze   immature. 

GA-6    over -{  SA-2  Stronger  pinkish  gray. 

SA-3  Pinkish   white. 

/  .S.\-i  Strong     [iink.       Stronger     than     with 

G\--    overj  ^'^"■^• 

^  S.\-2  Good  strong  rose  pink. 

S.V-3  Good  pink.    L'niform  color. 

/  S.\-i  (iood   pink.      Hut   not  quite  as  strong 

I  as  with  GA-j. 

GA-8    over-^   S.\-2  Good    rose    red.      Lighter    than    with 

I  GA-7. 

\^  S.\-3  Good  pink. 
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GA-9    over  J 


/SA-i     Light  rose.     Stronger  than  with  GA-j. 
j  .SA-2     Strong    rose    red.      Better    than    with 


GA-7. 


\_  SA-3     About  hke  with  GA-8. 

IS  A- 1  Light  pink.  Nothing  hke  with  GA-i. 
SA-2  Much  stronger  pink  than  with  GA-i. 
SA-3     About  like  with  GA-i. 

/  SA-i     Stronger     pink     than     with     GA-io. 

j  Streaked. 

,.  .  S.\-2     Stronger  pink  than  with  G.\-i.     Pur- 

GA-ii  over-^  ,.  ,  ' 

[  phsh. 

]   S.\-3     Stronger  pink   than   with   GA-2.   Pur- 

^^  plish. 

rS.A.-!     Ahuost  white.     Glaze  not  matured. 
G.\-i2o\er  J  SA-2     Faint  pink  tint. 
(  SA-3     Creamy  pink. 

Summary:      1st.  SA-2  is  much  the  best  slip. 

2nd,  GA-9  is  much  the  best  glaze  for  developing  color. 

Conclusions:  ist.  To  develop  the  pink  color  in  the  under- 
slip  the  glaze  must  contain  tin  oxide. 

2nd,  Composition  of  the  glaze  seems  to  be  of  more  import- 
ance than  composition  of  the  stain. 

Result  from  Burn  No.  2.  The  long  firing  in  the  large 
kiln  has  weakened  the  colors  considerably,  as  was  to  be  expected. 
As  from  the  small  kiln  we  find  GA-9  to  be  the  best  glaze,  and 
SA-2  the  liest  slip. 

Results  from  Burn  No.  3.     (Refiring.) 

GA-I     over  SA-2     Greenish  gray  tints.     No  signs  of  pink. 

Same. 

Same. 

Line  of  rose  around  edges. 

Faint  line  of  pink  around  edges. 

No  pink. 

Blotched  pink  and  white. 

Same  as  with  G\-y  but  with  less  pink. 


GA-2 

over 

SA-2 

GA-3 

over 

SA-2 

GA-4 

over 

SA-2 

GA-5 

over 

SA-2 

GA-6 

over 

SA-2 

GA-7 

over 

SA-2 

GA-8 

over 

SA-2 
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GA-9     over  SA-2     Dark  rose  red.     Small  patches  of  white 

showing  thru. 
GA-io  over  SA-2     \'ery  pale  pink  tinted. 
GA-ir  over  SA-2     Same. 
GA-12  over  SA-2     No  pink. 

Conclusions:  Refirc  in  large  kiln  has  weakened  the  colors 
more  than  single  fire  in  large  kiln. 

Results  from  Burn  No.  4.  (  Retiring  the  second  time.) 
Refiring  in  the  small  kiln,  after  having  iirst  retired  in  the  large 
kiln,  has  had  no  eiTect  upon  the  colors. 

Conclusion :  The  results  from  the  refirings  indicate  that  in 
the  long  burning  the  colors  are  i^ermanently  lost,  and  cannot  be 
restored  by  succeeding  oxidizing  fires. 

PREPARATION   OF  STAINS 

As  a  result  of  these  triaN  >tain  Xo.  70  was  selected  as  the 
base  for  further  stains  in  which  the  sources  of  CaO  and  Cr.^Oj 
would  be  varied. 

These  stains  were  as  follows  : 

Stain  No.  70.  CaO  from  CaCC),.  and  Cr.Oa  from  PbCrO^. 

Stain  No.  -jz.  CaC)  from  CaS(Jj.  and  Cro0.j  from  PbCrO,. 

Stain  No.  -Ji.  CaO  from  CaF^.  and  Cr^Oa  from  PbCr04. 

Stain  No.  74.  CaO  from  CaCO.-j,  and  Q,x„0^  from  CrjO^. 

Stain  No.  75.  CaO  from  CaCO.,,  and  Cr„0.,  from  K^Cr^O;. 

Stain  No.  76.  CaO  from  CaCO,,  and  Cr^Oo  from  K2Cr04. 

Stain  No.  yj.  CaO  from  CaCO,-,.  and  Cr^Oa  from  SrCr04. 

Stain  No.  78.  CaO  from  CaCOj,  and  Cr.j03  from  BaCrO^. 

Stain  No.  79.  CaO  from  CaCO.j,  and  Cn^Oa  from  CojCrO^ 

(OH„).H,0. 

Stain  No.  80.  CaO  from  CaCO.,,  aand  Cr^O,  from  ZnCr04 

.7H„0. 

Stain  No.  81.  CaO  from  CaF^,  and  Cr^O.,  from  KjCr^O,. 

Stain  No.  82.  CaO  from  CaF.,,  and  Cr.O.,  from  Cr._,0,,. 

Preparation.  Of  each  stain  there  were  made  400  grams, 
which  was  first  ground  in  a  ball  mill,  dried,  and  calcined  in  flint 
lined  crucibles  to  cone  9  in  a  large  kiln. 
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Condition  of  Calcined  Stains. 

Stain  No.  "o.     Pink.     Soft. 

Stain  No.  72.     Pin-plisli  red. 

Stain  No.  '/2,-     Lilac. 

Stain  No.  74.     Very  dark  red.     Soft.     Flint  lining  stained 

green. 
Stain  No.  75.     Dark    red.     .Soft.     Dark   green    crystals   of 

chrome  on  lining. 
Stain  No.  76.     Dark     red.     Soft.     ])ark     green     on     flint 

lining. 
Stain  No.  jy.     Dark   red.     Soft.     No  green   stain   on   flint 

lining. 
Stain   No.  78.     Dark  red.     Soft.     Same  as  for  No.  jy. 
.Stain  No.  79.     Lilac.     Soft.     Dark  blue  on  flint  lining  of 

crucible,    and    bright    pink   and    blue    below 

stain. 
Stain  No.  80.     Red.     Soft.     Bright  red  on  flint  below  line 

of  stain. 
Stain  No.  81.     Lilac.     Sintered  hard.     Stained  dark  green 

on  lining. 
Stain  No.  82.     Lilac.     Sintered  hard.     No  green  stain. 

Stained  slips.  A  series  of  slips  was  made,  beginning  with 
SA-4,  which  is  the  same  as  SA-2  with  20  percent  of  stain  No. 
70,  and  continuing  with  SA-5  to  SA-15,  with  stains  Nos.  72  to 
82  respectively.  Of  each  slip  a  batch  of  200  grams  was  made 
and  ground  six  hours  in  a  small  ball  mill.  These  slips  were 
applied  to  the  fire  clay-grog  tiles,  which  were  marked  into 
divisions  with  ribs. 

Glazes.  To  learn  the  comparative  colors  produced  from 
these  several  stained  slips,  three  glazes  GA-25.  GA-26  and  GA- 
27,  were  made  and  applied  over  each  set  of  slipped  tiles. 

GA-25 

.2078  KNaO  )  r  crs 

.6976  CaO        .  .3974  A1..0..  j  ^-9^-^  ^'Y; 
.09^6  BaO  "1     -200°  SnO, 
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GA-26 

.25  K,0  1  ,  c-,-, 

.  10  BaO  I  I 

GA-27 

.  1024  KXa( ) 

.7686  CaO       V  .2282  A1.,0, 

.  1290  BaO 


I  I- 7670 
I     .2091 


70  SiO, 
SnOo 


TABLE   IV  — EQUIVALENTS  AND  BATCH  WEIGHTS 


I 

Stone  I  .1659 

Spar .1000 

Whiting   .5396 

Fluorspar   !     

Barium   Carb I  .0946 

China  Clay .  0735 

Flint    .5165 

Tin   O.xide 1  .2000 


137.70 
55.70 
-53.96 


18.63 
18.96 
39.99 
29.80 


.1102 

.25 

139 

25 

.0521 

.65 


65 

00 

;730i 

.10 

19 

70 

.1290 

.10 

25 

80 

.0486 

1.30 

78 

00 

.3830 

.20 

29 

80 

.2091 

91.50 
17.10 


56.90 
25.40 
12.50 
23.00 
31.20 


Burn  No.  5.  These  trials  were  burned  in  the  trial  kiln  to 
cone  9,  firing  for  40  hours. 

Results  from  Burn  No.  5.  Glazes.  GA-25  is  a  semi-glossy 
enamel.  Seems  too  opaque  to  develop  the  colors  well.  S.\-i2 
is  blue,  and  all  others  faded  pinks. 

GA-26  is  a  glossy  enamel  and  develops  the  colors  much 
better  than  GA-25. 

GA-27  is  not  well  matured,  but  brings  out  the  colors  about 
as  under  GA-26.  Edges  of  SA-io  and  SA-ii  much  darker  color 
than  under  GA-26. 

Colors  developed  by  GA-26. 

Light  rose  pink. 
Not  quite  so  strong  as  5.^-4. 
Lighter  than  SA-5. 
Darker  rose  than  SA-4. 
.\bout  the  same  as  SA-5. 
Like  SA-8. 


SA-4 

(stain  No. 

70) 

SA-5 

( stain  No. 

72) 

SA-6 

( stain  No. 

73) 

SA-7 

( stain  No. 

74) 

SA-8 

( stain  No. 

751 

SA-9 

(  stain  No. 

76) 
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SA-io  (slain  \'o.  ~~ )  Dark  rose. 

SA-ii    (stain  No.  78)  Same  as  SA-io. 

SA-12  (stain  No.  79)  Blue. 

SA-13   (stain  No.  80)  Pink.     Lighter  than  SA-6. 

SA-14  (stain  No.  81)  About  the  same  as  SA-6. 

SA-15   (stain  No.  82)  Dark  rose.  About  the  same  as  SA-7. 

Summary :  CaC( ).,  is  sHghtly  better  than  Ca.S(J4  in  the 
stain. 

CaF,  is  not  so  good  as  CaCO,,  or  CaSO^  with  PbCrO^. 

Cr.Oj  is  better  than  PbCrO^  with  CaF,. 

CrjO-s  makes  darker  shade  than  YiS^rS^.  or  KoCrO^. 

SrCr04  and  BaCr04  produce  darker  colors  than  Cr;03. 

ZnCrOj  not  so  strong  as  SrCrOj  or  BaCrO^. 

CaF.,  not  so  strong  as  CaCO^  with  KaCr^O^  but  about  tlie  same 

with  Cr.O,. 
CoX"rO,(OH,).H,0  produces  blue. 

Conclusions:  ist,  SrCrD^  and  BaCrD^  produce  stronger 
colors  than  any  other  source  of  CrJ)..  tried.  BaCrOj  seems 
slightly  the  best. 

2nd.     Cr„03  seems  to  be  the  next  best  source  of  Cr^Oj. 
3rd.     CaSOj  is  not  so  good  as  either  CaCO.j  or  CaF.. 
4tli.     ZnCr04  produces  a  strong  color. 
5th.     The  source  of  the  Cr.X).,  has  a  marekd  effect  upon  the 
color  and  strength  developed. 

GLAZE  SERIES  VARYING  SOURCES  OF  CaO  AND  AMOUNTS 
OF   SnO= 

Six  glazes,  GA-30  to  Ga-35,  were  made.  In  the  first  three 
the  sources  of  the  CaO  were  CaCOj,  CaSO^  and  CaF,,  while 
each  has  .  10  SnO,.  Of  the  last  three  G.\-33  has  no  SnO,  while 
GA-34  has  .20  eq.  and  GA-35  has  .30  equivalents. 
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TABLE  V  — GLAZE   EQUIVALENTS 


RO 

R^Os 

K02 

KNao 

cao 

Bao 

snOo 

AU03 

sio. 

sno. 

GA-30 

.200 

.625 

.075 

.100 

.300 

2.50 

GA-31 

.200 

.625 

.075 

.100 

.300 

2.50 

GA-32 

.200 

.625 

.075 

.100 

.300 

2.50 

GA-33 

.200 

.725 

.075 

.300 

2.50 

GA-34 

.200 

.625 

.075 

.100 

.300 

2.50 

.100 

GA-35 

.200 

.625 

.075 

.100 

.300 

2.50 

.200 

TABLE  VI  —  BATCH   WEIGHTS 


MATERIAL 

GA-30 

1 

GA-31 

GA-32 

GA-33 

GA-3-4 

GA-35 

Spar  

.1     111.4 

111.4 

111.4 

111.4 

■n. 

111.4 

CaCOi 

.1      62.6 

72 

5 

62.5 

62.5 

CaSO.    

85.0 

CaF=    

48.7 

BaCO.  

14.8 

14.8 

14.8 

14 

8 

14.8 

14.8 

SnO.   

14.9 

14.9 

14.9 

14.9 

14.9 

China    Clav 

.1      25.8 

25.8 

25.8 

25 

8 

25.8 

25.8 

Flint 

..1      66.0 

66.0 

66.0 

66 

0 

66.0 

66.0 

SnO..   

1     "•■■! 

14.9 

29.8 

Burn  No.  6.  This  series  of  glazes  GA-30  to  G.\-35  was 
applied  over  stains  SA-14  and  SA-15,  and  burned  in  the  trial 
kiln  40  hours  to  cone  9. 

Results  from  Burn  No.  6.     (Trial  Kiln.) 


GA-30  over 


(  SA-14     Strong  pink  color. 
I  SA-15     Dark  rose  red. 


Pink  streaked  with  white. 
Rose  streaked  with  white-. 


^,  f  SA-14 

GA-31  over  j^^^. 

I 

(  SA-14     Grayish  with   faint  pink  tint. 
-  "33  -j  c;j^^_jj     Dark  greenish  gray,  some  pink  tint. 


r  SA-14     Same  as  with  GA-30. 
GA-32  over  <;   SA-is     About    like    GA-30,    but    with    white 


spots. 
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r-  \  I   SA-I4 

GA-34over  j  _c;_y-i- 

„,  (  SA-14 


Same  as  with  GA-30. 
Same  as  with  GA-30. 


Lighter  pink  than  with  GA-30. 
Lighter  rose  than  with  GA-30. 

Coiickisions  :  ist.  CaCO,,  and  CaF.  equally  good  and  either 
better  than  CaSO^. 

2nd.     Glaze  must  contain  SnO,  to  develop  the  color. 

3rd.     .10  to  .20  eq.  of  SnOo  best,  but  .30  eq.  too  much. 

4th.  Slip  SA-15  with  stain  Xo.  82  is  much  stronger  than 
SA-14  with  stain  Xo.  81. 

5th.  Composition  of  the  glaze  seems  of  more  importance 
than  the  composition  of  the  stain. 

Results  from  Burn  No.  7.  (Large  Kiln.)  The  results 
from  tiring  this  series  in  the  large  kiln  are  about  the  same  as 
from  trial  kiln,  except  that  colors  are  not  .so  good,  and  show 
signs  of  Ijurning  out  on  the  high  spots,  or  ribs  of  the  titles. 
G.'\-32  seems  to  stand  up  the  best,  while  GA-35  is  almost  white. 

FURTHER  STAIN  TRIALS 

Since  BaCrO^  as  the  source  of  Cr.O^  in  stain  Xo.  78  had 
given  such  a  strong  color,  it  was  determined  to  make  another 
stain  using  it  in  connection  with  CaF„.  At  the  same  time  three 
other  stains  of  another  formula  were  made  to  make  further 
comparison  with  stain  composition. 

Stain  No.  84  has  the  same  formula  as  stain  No.  70.  Stains 
Nos.  85,  8  6and  87  have- the  formula:  i.ooo  SnO.,  .8382  CaO 
and  .0212  K2Cr.,Oj.  The  sources  of  materials  and  the  weights  of 
these  stains  are  shown  in  Table  \TL 

TABLE  VII— STAINS 


MATERHLS 

NO.   84 

NO.    85 

NO.   S6 

:;o.  87 

CaFo   

41.7 

30.1 

29.6 

CaCO,   

35.6 

BaCrO,   

8.9 

4.8 

K.Cr=0:    

2.6 

2.8 

SiO,   

14.2 

SnO=  

25.2 

61.8 

67.1 

65.6 
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These  stains  were  made  up  in  amounts  of  400  grams  each 
by  grinding  in  a  ball  mill,  and  calcined  in  a  long  fire  to  cone  9. 

Appearance  of  Stains :  No.  84,  Lilac.  Fused  hard.  In- 
terior has  not  developed  the  color  at  all. 

No.  85  —  Dark  red.  Very  soft.  Very  dark  green  chrome 
crystals  above  stain  on  the  flint  lining  of  crucible. 

No.  86  —  Very  dull  purplish  red.     Sintered  quite  hard. 

No.  87  —  Same  as  No.  86. 

Series  of  Colored  Glazes. 

To  investigate  the  action  of  the  various  stains  when  intro- 
duced directly  into  a  glaze,  this  series  GC-i_to  GC-12  was  made 
using  the  same  formula  as  for  GA-30.  In  each  glaze  there  was 
incorporated  10  percent  of  stains  Nos.  70,  jt,.  75,  yy,  78,  81.  82, 
84.  85,  85  washed,  86  and  87  respectively. 

Each  glaze  was  made  up  in  grams  to  the  amount  of  the 
batch  weight,  and  applied  to  the  trial  tiles  as  liefore.  and  fired 
in  the  small  and  large  kilns,  to  cone  9. 

Results  from  Burn  No.  8.     (Trial  Kiln.) 

GC-i  (Stain  No.  70)  Rose.  Opaque  enamel  with  some 
gloss. 

GC-2  (Stain  No.  ~t,)  Very  slightlv  darker  rose  than 
GC-'i. 

GC-3     (Stain  No.  75)      Lighter  rose  than  GC-i  and  GC-2 

GC-4     (Stain  No.  ■/■/)     Dark  red. 

GC-5     (Stain  No.  78)     Dark  red.    Trifle  lighter  than  GC-4 

GC-6     (Stain   No.  81)      Pmk.       • 

GC-7     (Stain  No.  82)     Red.     Lighter  than  GC-5. 

GC-8     (Stain  No.  84)     Dark  red.     Darker  than  GC-4. 

GC-9     (Stain  No.  85)     Pink.     About  like  GC-6. 

GC-io  (Stain  No.  85  washed)      Pink.      About   like   GC-9. 

GC-I  I    (Stain  No.  86)     Lighter  pink   than   GC-io. 

GC-12   (Stain  No.  87)     About  like  GC-ii. 

Summary.  PbCrO^  regardless  of  source  of  CaO  does  not 
produce  dark  reds.     Stains  Nos.  70,  72  and  73. 

SrCrO^  and  BaCrO^  with  CaCO,,  produce  very  dark  reds, 
much  darker  than  KoCrjO.  with  CaCOj  or  CaF^.  Stains  Nos. 
77  and  78. 
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Cr/J.j  i)ro(luce.s  much  darker  color  than  KoCr^.Oj.  Stains 
Nos.  80  and  8i. 

BaCrOj  with  Cai'\,  produces  much  darker  red  than  either 
KXr,0,  or  Cr,0,. 

Conchisions.  ist  —  SrCrO^  and  BaCrO^^  are  better  sources 
of  CrXJ,  than  PbCrO,,  KXr,0„  K,CrO,  or  Cr^O,. 

2nd.  —  Cr,03  is  much  better  than  PbCrO^,  K^CrjO-,  or 
KXrO,. 

3rd.  —  CaF,   produces  stronger  colors   than   CaCO..,. 

4th.  —  Stain  of  type  of  No.  70  is  stronger  than  type  of 
No.  S5. 

CHROME-TIN   COLORS  AT  CONE  O2 

While  the  preceding  trials  were  being  run  it  was  thought 
that  it  might  be  interesting  to  try  these  stains  in  a  fritted  glaze 
to  fire  at  cone  02.  Accordingly  there  was  selected  a  glaze  of 
the  type  used  by  Purdy  in  all  his  Cr-Sn  experiments.  This 
glaze  has  the  following  formula :  — 


Glaze: 

.22PbO 

.59  CaO       J.  .16  AIX;, 
.19  KNaO 

Frit: 

.09  K,() 

.  10  KaX  ).  .  12  AIX,, 

.59  CaO 


2.10     SiO, 

.475  B,o; 


1.75     SiO, 
■475  BX3 


Batch  Weights: 

Glaze  Frit 

56.76  White  lead  50.13  Spar 

10.32  China  clay  38.20  Borax 

20.20  Flint  7-74  China  clay 

198.19  Frit  69.00  Flint 

34. 10  Boric  acid. 

(Hazes  GB-i  to  tili-ij  to  which  were  added,  respectively,  10 
percent  of  stains  No.  70  and  Nos.  72  to  82.  were  made  by  grind- 


394 


CHROME-TIN    COLORS    AT    CONE   9 


ing  in  a  ball  mill  for  ten  hours.     The  glazes  were  then  applied  to 
tiles  and  fired  in  a  small  kiln  for  30  hours  to  cone  02. 

Results  from  Burn  No.  9. 

GB-i      (stain  No.  70)     Reddish  brown.     Lilac  tint.     Milky. 
Almost  the  same  as  GB-i. 
Slightly   lighter  shade   than   GB-i    and 

Stronger    brown    tint    than    GI'.-i    and 

Brownish  red.     Milky. 

Same  as  GB-5. 

Stronger  brown  than  GB-4.    Milky. 

Rich,  dark  brown  red.     Clear. 

Dark  blue.     Milky. 

Nearly  the  same  as  GB-2.    Not  quite  so 

Good  red.     Clear.     Not  milky. 

Dark  brownish  red.    More  reddish  than 

Summary.  PbCrC).,  cau"ses  milkiness  with  every  source  of 
CaO. 

C'aCO,  produces  milkiness  with  every  source  of  Cr^O,  ex- 
cept BaCrO,. 

CaF„  with  Cr^C),  gives  entirely  different  color  than  with 
PbCrO,  or  KXr.OJ. 

CaF„  with  K„Cr,0-  does  not  show  milkiness  and  gives  the 
only  real  red. 

Conclusions,  ist.  —  BaCrO  develops  the  strongest  shades, 
with  brownish  tints. 

2nd.  —  CaF^,  seems  to  be  the  best  source  of  CaO. 

3rd.  —  Both  the  source  of  the  CaO  and  the  source  of  the 
Cr.Ofi  strongly  influence  the  color  and  shade  developed  by  the 
stain  in  the  glaze. 

4th.  —  K^Cr^O;  is  the  best  source  of  Cr„0.,  for  clear  red. 

5th.  —  Milkiness  seems  to  be  the  result  of  incomplete  reaction 
between  the  Cr^O.,  and  the  CaO,  depending  upon  the  sources  of 
each,  and  probably  too  low  CaO. 


GB-2 

(stain  No. 

72) 

GB-3 

( stain   No 
GB-2. 

7i) 

GB-4 

(stain  No. 
GB-.2. 

74) 

GB-s 

(stain  No. 

75) 

GB-6 

(stain  No. 

76) 

GB^7 

(stain  No. 

77) 

GB-8 

(stain  No. 

78) 

GB-9 

(stain  No. 

79) 

GB-io 

(stain  No. 
milky. 

80) 

GB-I  I 

(stain  No. 

81) 

GB-12 

(stain  No. 

S2) 

GB-8.     Clear. 
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EFFECT  OF  WASHING  THE  STAINS 
In  order  to  learn  whether  washing  the  strains  has  any  effect 
upon  the  color  produced  in  a  glaze,  all  stains  Nos.  70  to  82  were 
tiioroughly  washed  until  clear.  Stains  Nos.  ^o,  72,  74,  75,  76,  TJ 
and  78  required  considerable  washing  to  free  from  excess  chrome 
salts.  Stains  Xos.  T})'  79-  80,  81  and  82  showed  clear  from  the 
first  washing. 

A  series  of  glazes  GB-20  to  GB-31,  based  upon  formula  of 
GB-i,  was  made  with,  respectively,  stains  Nos.  70,  75,  76,  80,  78, 
81  and  82  washed  ;  stains  Nos.  84  and  85  not  washed ;  stain  No.  85 
washed :  and  stains  Nns.  86  and  87  not  washed. 

Results  from  Burn  No.  10.     (Trial  Kiln-Cone  02.) 

GB-20  (stain  No.  70)  Slightly  brownish  red.  Little  white 
scum. 

GB-21  (stain  Xo.  75)  Less  brownish  red.  ^'ery  little  white 
scum. 

GB-22  (stain  No.  76)  Pink.  Little  scum.  Much  better  than 
with  GB-6. 

GB-23  (stain  No.  80)  Same  as  GB-20.  Much  better  than  with 
unwashed  stain. 

GB-24  (stain  No.  78)  I'.rown.  Absolutely  unlike  GB-S  (un- 
washed stain). 

GB-25  (stain  Xo.  81)  Pink.  Xot  nearly  as  good  as  when  un- 
washed. 

CB-26  (stain  Xo.  82)     Brown.    Not  nearly  so  rich  as  unwashed. 

GB-27  (stain  No.  84  not  washed)  "\'ery  pale  brownish  pink 
tint.  This  is  not  true  color,  as  stain  was  not  uniformly 
developed. 

GB-28  (stain  No.  85  not  washed)  \'ery  good  red.  Some  scum 
where  heav)\ 

GB-29  (stain  No.  85  washed)  Seems  slightly  improved  over 
GB-28. 

GB-30  (stain  No.  86)  Slightly  brownish  pink.  Some  scum 
where  heavy. 

GB-31    (stain  No.  87)   Pink.    Some  scum  where  heavy. 

Summary.  Stains  Nos.  70,  75,  76  and  80  are  greatly  im- 
proved by  washing.     Most  of  the  white  scum  has  disappeared. 
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Stains  Xos.  78  and  82  have  lost  their  rich  colors  by  wash- 
ing.    Colors  very  much  weaker. 

Stain  No.  81  has  changed  from  red  to  pink  thru  washing. 

Conclusions,  ist  —  Stains  of  the  types  of  70  and  85  may 
both  produce  good  colors  at  this  temperature. 

2nd  —  Unwashed  stains  are  considerably  the  best,  for  strong 
colors.    Washing  greatly  influences  the  shade. 

3rd  —  Source  of  the  Cr„0.,  has  marked  influence  upon  the 
final  color  developed  in  the  glaze. 

DISCUSSION 

Mr.  Hunt:  I  would  like  to  say,  in  respect  to  washed 
chrome-tin  pinks,  that  I  did  some  work  myself,  running  some 
unwashed  glazes  alongside  the  washed  and  I  think  you  have 
got  to  consider  them  very  closely. 

Mr.  Slia^i':  I  would  like  to  ask  Mr.  Minton  if  he  ever 
did  anything  in  the  way  of  making  a  stain,  putting  the  colors 
right   in  the  glaze,   fitting  the  glaze? 

Mr.  Million:  Yes,  ten  years  ago  I  made  a  chrome-tin  pink 
color  in  a  tile  factory  without  ever  fritting  the  glaze,  although 
I  will  say  it  was  not  quite  as  good  as  if  it  had  been  fritted,, 
although  it  is  Cjuite  possible  that,  by  making  the  formula  accord- 
ing to  the  original  fritted  formula,  putting  the  materials  in  raw 
and  putting  them  in  the  proportion  of  oxide -of  chrome,  you 
will  get  a  fine  red  color.  It  is  usually  a  little  light  around  the 
edges,  however,  on  tile  and  that  !s  the  principal  objection  to  it. 


NOTE  ON   THE  PRODUCTION   OF  SPECIAL  RE- 
FRACTORIES   —    MARQUARDT      PORCE- 
LAIN  AND   MAGNESIUM 
ALUMINATE' 

KY    F.    ir.    RIDDLE 

I.     MARQUARDT   PORCELAIN 

Marquardt  porcelain  is  used  in  the  production  of  pyrometer 
tubes  and  similar  ware.  The  chief  source  of  production,  up  to 
about  a  year  ago.  was  Germany.  The  Bureau  of  Standards  has 
done  considerable  experimental  work  with  a  view  of  reproduc- 
ins^  this  ware,  and  described  some  of  the  work  in  Vol.  XVTII.- 
The  present  work  is  a  continviation  of  what  has  already  been 
done,  and  the  processes  have  been  brought  to  a  point  where  the 
manufacturing  is  being  done  on  a  commercial  basis. 

The  body  nii.xturc  was  based  on  the  analysis  of  a  sand 
blasted  Marquardt  tube,  and  was  as  follows-': 


Bdi.v 

Grog  No.  1 

Grog  No.  2 

N.  C.  kaolin 

Florida  kaolin  . .  .  . 
Tenn.  Iiall  clay  No 
English  china  clay. 


Grog    No.   1  percent 

percent       Calcined  hW, 70.0 

•45.7       N.  C.  kaolin 22.0 

"•S       Potash  spar  8.0 

17.0  . 

50  100.0 
15.0 

10.0  GRon    No.   2               percent 

Potash  spar  64.0 

100.0       Calcined  AUO,  36.0 


100.0 


*  Bv   permission    of   the    Director   of   the   V.    S.    Bureau   of    Standards. 

2\V.    L.   Howat   on    Marquardt    Porcelain.    Vol.    XVIU.    1916. 

^  Since  this  paper  has  been  presented  we  have  made  alterations  in  the  com- 
position of  the  Marquardt  porcelain  body.  These  alterations  are  only  necessary 
where  the  tubes  are  to  he  used  at  very  high  temperatures.  In  that  case  Grog  No.  2 
should  be  omitted  and  53  percent  of  Grog  No.  1  used  in  place  of  45.7  percent. 

The  labor  of  preparine  the  grogs  can  also  be  lessened  a  great  deal  by  erinding 
the  raw  grogs  dry.  sieving  through  a  20  mesh  screen  and  filling  the  saggers  fufi  of  the 
loose  materials.  The  calcining  will  shrink  the  material  enough  so  as  to  permit  the 
heat  to  penetrate  all  parts,  and  the  grinding  after  calcination  is  much  more  easily 
accomplished   than    where   it   is   previously   made    up   into   balls. 

(397) 
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Preparation  of  the  Grog  and  Body.  Each  grog  mixture 
was  ground  dry  in  a  ball  mill  to  insure  thorough  mixing  of  the 
materials.  It  was  then  tempered  with  water  to  the  consistency 
of  a  very  thick  paste  and  molded  by  hand  into  balls  about  ij4 
in.  in  diameter.  These  were  thoroughly  dried  and  calcined  in 
saggers  to  cone  19  to  20.  Xo.  2  grog  which  is  high  in  feldspar, 
vitrified  sufficiently  for  the  balls  to  flatten  out  of  shape.  No. 
I  grog  has  the  shrinkage  well  taken  out  of  it,  but  does  not 
vitrify.  The  calcined  grogs  were  crushed  to  12  mesh,  and 
ground  dry  in  pebble  mills  until  fine  enough  to  pass  through  the 
120  mesh  lawn. 

The  body  was  blunged,  put  through  a  120  mesh  lawn  and 
filter-pressed.  For  use  in  making  power-pressed  tubes  a  solu- 
tion of  gum  tragacanth  was  added  to  the  body,  and  the  mass 
thoroughly  pugged.  The  water  content  of  the  mixture  which 
gave  the  best  results,  in  our  case,  was  28. 8  percent,  in  terms 
of  the  dry  weight  of  the  bod\-.  The  amount  of  gum  added  was 
0.16  percent,  in  terms  of  the  dry  weight.  The  dry  gum  was 
put  in  solution  in  boiling  water  before  adding  it  to  the  clay. 
The  pugging  was  done  in  a  pill  mixer.  This  has  proved  very 
satisfactory  on  account  of  its  continuous  repugging.  This  pug- 
ging process  was  carried  on  about  20  minutes. 

It  would  be  difficult  to  use  as  stitt  a  mi.xture  in  a  potters 
pug  mill,  and  it  would  be  necessary  to  pass  the  material  through 
the  mill  several  times  before  an  equivalent  amount  of  tempering 
could  be  accomplished. 

For  casting  purposes  the  slip  was  filtered  and  sufficient 
water  added  to  make  60  percent  of  the  dry  weight.  This  neces- 
sitated determining  the  moisture  factor.  .'\fter  thoroughly 
blunging,  sufficient  salt  was  added  to  thin  the  slip  down  so  that 
200  cc.  would  run  through  the  viscosimeter  in  two  minutes. 
The  viscosimeter  used  was  a  brass  efflux  tube  as  described  by 
Bleininger.*  With  the  body  in  Cjuestion,  the  following  procedure 
was  used.  To  make  20  tubes  550  by  15  by  10  mm.  4500  gr. 
of  filter  plate  clay  containing  25  percent  water  was  blunged 
with  625  cc.  of  water.    To  this  65  cc.  of  a  3V3  percent  solution 


^  Technologic  Paper  No.  5/  of  the  Bureau  of  Standards. 
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of  Na^SiOj  and  22yS  cc.  of  a  lo  percent  solution  of  Na^COj 
was  added. 

Two  methods  were  employed,  one  consisting  in  pressing 
the  smaller  tubes  on  a  press  and  the  other  in  casting  the  larger 
tubes. 

Manufacture  of  Tubes  by  Pressing.  It  is  possible  to 
make  all  sizes  of  tubes  from  2  mm.  o.  d.  by  0.6  mm.  i.  d.''  up 
to  practically  any  size  desired,  by  this  method.  W'c  have  not 
made  tubes  more  than  15  mm.  o.  d.  The  machine  used  is  a 
miniature  hydraulic  press  built  very  similar  to  a  sewer  pipe 
press.  The  water  cylinder  is  8  in.,  in  diameter,  the  clay  cylinder 
is  3J/2  in.  in  diameter  and  the  stroke  is  10  in.  All  dies  are 
made  of  brass  and  accurately  finished.  The  water  pressure  used 
to  operate  the  press  is  80  pounds  to  the  sq.  in.  This  machine 
works  very  well  and  makes  very  dense  tubes.  The  troubles 
encountered  are  the  ordinary  ones  that  would  be  expected  with 
a  machine  of  this  type,  I'ir.,  necessity  of  maintaining  absolute 
water  content  and  unifomi  pugging  to  prevent  clay  running 
faster  on  one  side  of  the  die  than  on  the  other.  Ring  cracks 
also  form  at  the  point  of  the  die  when  the  column  is  held  so 
as  to  throw  back  the  plunger  to  recharge  the  mud  cylinder.  The 
longer  the  stroke,  consequently,  the  fewer  the  ring  cracks  would 
be  formed  and  the  greater  would  he  the  production.  Hence  a 
stroke  of  24  in.  would  be  preferable.  If  the  press  is  vertical, 
the  length  of  the  tube  is  limited  by  the  tensile  strength  of  the 
clay,  but  this  will  permit  the  making  of  at  least  three-foot  tubes. 
If  the  press  is  iiiclined  or  horizontal,  it  is  necessary  to  use  a 
hand  controlled  off  bearing  belt.  We  have  found  that  the  press 
is  satisfactory  for  all  the  sizes  of  tubes  we  require,  and  that  its 
capacity  is  sufficiently  high.  At  present  we  are  casting  all  sizes 
used,  whose  bores  are  sufficiently  large  to  permit  the  use  of 
that  process ;  i.  e.,  4  mm.  o.  d.  and  over.  The  tubes  can  be  cast 
much  truer,  do  not  have  to  have  the  closed  ends  put  on  by 
hand,  and  can  be  handled  much  more  easily,  particularly  in  the 
long  sizes.  The  collars  must  be  stuck  on  by  hand  in  either  case. 
It  is  possible  to  design  a  press  that  would  perform  both  of 
these  operations,   but    there    would    be    nothing   gained    for   the 

*  Outside   diameter  =  o.    d.;     inside    diameter -^  i.    d. 
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press  over  the  casting.  It  is  possible  to  run  a  straight  tube  out 
of  the  press,  suspend  it  vertically  to  dry  and  yet  have  it  dry 
crooked.  This  occurs  when  the  core  is  slightly  off  center,  and 
yet  near  enough  so  the  soft  plastic  clay  will  be  held  straight 
until  the  tube  begins  to  dry  and  shrink. 

Manufacture  of  Tubes  by  Casting.  The  speed  and  true- 
ness  of  this  work,  of  course,  depends  primarily  upon  the  plaster 
molds.  For  long  small  diameter  molds  for  tubes  closed  on  one 
end,  the  mold  should  be  cast  around  a  cold  drawn  steel  rod, 
on  account  of  its  trueness.  The  end  of  the  rod  should  be 
rounded  off  as  desired,  and  a  hole  about  "^Z,,-,  in.  in  diameter 
drilled  in  the  center  at  this  end,  probably  ^  in.  deep.  The  other 
end  of  the  rod  should  be  mounted  in  the  center  of  a  plaster 
block  about  6  in.  high  and  4  in.  in  diameter.  The  molds  are 
cast  by  placing  the  rod  vertically  on  the  mounting,  and  wrap- 
ping a  "coddle"  of  roofing  paper,  or  similar  flexible  material, 
around  the  mounting  and  maintaining  this  measure  up  to  a 
height  of  a  few  inches  above  the  top  of  the  rod.  Then  run  a 
^/,„  in.  pin  about  3  in.  long  down  in  the  small  hole  in  the  top 
end  of  the  rod.  Prepare  the  plaster  and  fill  the  "coddle"  so 
that  the  pin  sticks  out  of  the  plaster  about  one-half  inch.  This 
Vic  '11-  liole  through  the  bottom  of  the  mold,  made  by  drawing 
the  pin  out,  serves  as  an  air  inlet,  making  it  possible  to  pull 
the  rod  out  of  the  mold,  and  also  serves  the  same  purpose  in 
pulling  out  the  cast  tubes.  It  would  be  imi)ossible  to  cast  thin 
tubes  without  this  air  inlet,  particularly  the  1200  mm.  tubes  of 
about  iS  mm.'  o.  d..  as  the  slip,  when  poured  out,  would  form 
a  partial  vacuum,  and  the  tuljes  would  collapse.  With  one  steel 
block  tube  and  "coddle"  case,  two  men  can  cast  si.xty  inch  tube 
molds  at  the  rate  of  one  every  half  hour.  .Snialler  molds  can 
be  cast  somewhat  faster.  The  speed  of  casting  ware  depends 
upon  the  number  of  mokis,  working  conditions,  etc.  L'nder 
normal  conditions,  we  have  been  able  to  cast  and  take  care  of 
twenty  550  by  15  to  10  mm.  tubes  an  hour,  including  sticking 
heads  on,  etc.  This  rate  could  be  increased  a  good  deal  by  using 
two  men,  having  enough  molds  and  proper  supply  of  tubes,  etc. 

The  following  table  shows  the  time  the  slip  was  left  in  the 
molds  before  being  turned  out : 
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DIMENSIONS    OF     InBt 

TIME    OF 
HOLDING 

TIME       BEFORE 
TUBE          CAN 

LENGTH 
IN     MM. 

I.    D.      BY      0.  D. 

BE        DRAWN 

FROM 

MOULD 

1200 
500 
550 

250 

18—11 
5—     3 

15  —  10 
36  — .30 

1 

2 
4 

min.  10   sec. 
30   sec. 
min. 
min. 

24  hours 
24  hours 
24  hours 
24  hours 

The  one  special  requirement  in  casting  is  that  the  air  inlet  hole 
in  the  mold  must  be  used  properly.  A  piece  of  wire,  bailing 
wire,  is  run  into  the  small  hole  in  the  bottom  of  the  mold  until 
it  projects  into  the  mold  proper  about  ^  in.  It  is  bent  over 
on  the  outside  of  the  mold  and  cut  off  about  i  in.  from  center. 
It  is  held  in  place  with  soft  clay.  After  the  slip  is  poured  into 
the  mold  and  it  is  time  to  empty  it  out,  the  pin  must  be  taken 
out  while  the  mold  is  being  turned.  If  the  pin  is  taken  out 
too  soon  the  slip  will  run  down  in  and  plug  the  hole,  and  if 
the  pin  is  left  in  after  slip  begins  to  run  out  at  the  other  end, 
the  tube  will'  collapse. 

Considerable  care  must  be  used  in  drj'ing  the  tubes,  and 
proper  pallets  are  necessary.  Plate  glass  is  ideal  for  the  pur- 
pose. Where  wood  is  used  there  should  be  a  stiff  reinforce- 
ment running  lengthwise  of  the  pallet  underneath,  as  well  as 
cleats  crossways.  The  boards  should  be  of  the  same  length 
as  the  green  tubes  and  have  a  stop  block  running  the  entire 
length,  along  one  edge.  The  first  tube  is  placed  against  this, 
and  the  next  one  rolled  close  to  the  first,  but  with  the  head 
on  the  opposite  end  of  the  pallet,  etc.  This  method  permits  the 
necessary  clearance  for  the  heads  and  has  each  tube  held  on 
both  sides  for  its  entire  length.  (See  Fig.  3.)  If  the  pallets 
are  longer  than  the  tubes  the  head  end  of  each  tube  will  be 
without  a  brace  on  either  side,  for  a  distance  equal  to  the  dif- 
ference between  the  length  of  the  tubes  and  pallet.  The  last 
tube  from  the  stop  block  is  held  in  place  by  a  JX  in.  square  steel 
rod.     Twenty-four  hours  is  sufficient  for  drying. 
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Burning.  The  tubes  should  be  set  in  special  saggers  and 
hung  from  the  heads  by  use  of  universal  swinging  rings  which 
are  illustrated  in  Figure  3.  A  satisfactory  mixture  for  sag- 
gers is 

percent 

8-30  flint  clay  grog 55 

Georgia  kaolin    35 

English  ball  clay 10 

Cone  I,  or  above,  is  sufficient  heat  for  the  biscuit  burn.  The 
glost  bum  depends  upon  the  melting  point  of  the  glaze,  but 
should  not  be  below  cone  16.  The  tubes  are  set  in  the  same 
way  in  the  glost  burn  as  they  are  in  the  biscuit  burn.  The 
glazing  can  probably  be  done  by  dipping,  if  a  proper  horizontal 
trough  is  used,  but  we  have  sprayed  all  tubes.  This  requires 
considerable  time,  but  insures  uniform  application  and  absence 
from  checking,  which  sometimes  occurs  in  dipping.  Too  much 
care  cannot  be  taken  in  hanging  the  tubes  in  burning.  If  they 
do  not  swing  freely  they  will  burn  crooked.  It  is  also  essential 
that  they  be  heated  evenly  on  all  sides  as  they  will  draw  to  the 
hot  side  and  burn  crooked. 

We  have  burned  several  tubes  in  single  fire ;  and  here,  of 
course,  spraying  is  necessary.  The  best  type  of  glaze  to  use, 
as  far  as  usefulness  of  the  tube  in  practice  at  high  temperatures 
is  concerned,  is  a  high  whiting-mat  glaze  of  the  formula: 

CaO.Al20.5.4Si02,  maturing  at  cone  17. 

Several  other  glazes  can  be  used,  but  they  become  sticky  at 
1300°  C.  and  are  not  so  good  for  that  reason.  Two  of  such 
glazes  are  represented  by  the  formulae : 

(i).     i.oCaO.   1.0AUO3.   lO.oSiO;. 

.I5K,0 
(2).    .2oMgO  y   i.oAl.,03,  lo.o  SiO... 

.65CaO 

Both  are  bright  glazes  at  cone  17. 

All  these  glazes  are  absorbed  into  the  body  when  over- 
fired,  and  the  tubes  have  the  appearance  of  biscuit  tubes.     If 
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broken  the  cross  section  shows,  however,  that  the  glaze  has  been 
absorbed.  There  is  no  reason  why  these  tubes  should  not  be  as 
good  as  the  ones  where  the  glaze  is  still  on  the  surface,  and  they 
■will  not  stick  to  anything  at  high  heats.  The  best  tubes  appear 
to  be  those  which  are  burned  rapidly  in  the  glost  fire.  A  small 
gas-fired  kiln  holding  three  or  four  dozen  22-in.  tubes  can  be 
burned  without  danger,  in  five  or  six  hours. 

It  is  essential  that  the  heat  be  uniform  in  the  kiln  to  pre- 
vent drawing  of  the  tubes,  due  to  more  shrinkage  on  one  side 
than  on  the  other:  This  trouble  is  best  overcome  by  having 
saggers  about  4  in.  wide  and  12  in.  to  14  in.  long  and  suspending 
only  one  row  of  tubes  in  them.  If  the  saggers  are  heated  evenly 
on  both  sides,  the  tubes  will  be  straight.  If  two  rows  of  tubes 
were  put  in  one  sagger,  each  row  would  be  crooked,  the  bottoms 
turning  out  toward  the  wall.  A  kiln  suitable  for  burning  1,500' 
mm.  tubes  is  illustrated  in  Figures  i  and  2. 

Physical  Properties  of  the  Tubes.  Several  comparative 
tests  of  German  and  Bureau  tubes  have  been  made,  and  they  are 
very  similar  in  character.  The  glaze  on  both  tubes  is  absorbed 
at  about  the  same  temperature ;  i.  e.,  cone  20  to  22.  Suspension 
tests  were  made  by  supporting  8-in.  sections  of  tubes  horizontally 
between  two  supports  about  7  in.  apart.  The  tubes  sagged  about 
ys  in.  at  cone  22.  The  German  tubes  sagged  slightly  less  than 
the  others,  but  were  of  a  little  heavier  construction.  All  tubes 
will  stand  very  severe  changes  of  temperature.  We  have  put 
cold  tubes  120D  mm.  into  a  kiln  at  a  temperature  of  1500°  C. 
without  apparent  weakening.  This  has  been  repeated  several 
times.    The  time  taken  in  inserting  the  tube  was  about  '4  minute. 

II.     MAGNESIUM   ALUMINATE    (SPINEL) 

Considerable  work  has  been  done  in  the  last  few  years  on 
the  fusion  points  of  various  refractory  oxides  and  mixtures  of 
these,  including  a  study  of  their  eutectics  and  the  stability  of  the 
various  compounds  formed. 

Kanolt  shows  the  melting  points  of  several  oxides  and 
platinum  to  be  as  follows : 
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MgO    2800 

CaO    2572 

AljO,    2050 

Cr^O,,    1990 

Platinum    1755 

Thene  are  ^  (jas  Oof/e^  eacA  ^/z'xs'  /^or-/oa?- 
r/orr  see  S£cr/o»  C-C.  £>ijm^r  /^ese  4?s  rTSf^t/rr^snf 


All  the  investigators  who  have  studied  lime,  alumina,  and 
magnesia  alumina  mixtures  agree  that  the  most  stable  compound 
in  contact  with  the  melt,  is  magnesium  aluminate  (.MgCAUOj)  ; 
i.  e.,  MgO  —  28.4  percent,  AUO3  —  71.6  percent.  Rankin  and 
Merwin  show  its  fusion  temperature  to  he  2\t,~,°  C  ±  20"'. 
This  compound  is  crystalline  and  appears  usually  in  the  form  of 
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octahedra.     It  is  strictly  isotropic  unless  the  alumina  is  greatly 
in  excess.     Its  refractive  index,  n  =  1.718  ±  .002. 


■■■ 

f 

^^^ 

*.t. 

x_A    . 

^p 

■'T 

'gi 

■^ 

■ 

■1 

Fig.  3. 

Two  allotropic  forms  of  AljO.,  are  known.  The  common 
form  called  alpha,  is  the  same  as  the  mineral  corundum.  The 
magnesia  alumina  study  (by  Rankin  and  Merwin)  called  atten- 
tion to  a  second  form  known  as  beta.  Its  relation  to  the  alpha 
form  is  not  yet  definitely  known.  Analysis  by  H.  S.  Washington 
shows  it  to  be  pure  AUO3  and  not  AI3O4,  as  it  was  thought  to  be. 
The  fusion  temperature  of  both  forms  is  2050°  C,  and  the 
eutectic  mixtures  with  MgO.  ALO,  are  both  1925°  C.  Among 
other  binary  compounds  are  : 

Fusion  Point. 

AUSiOj    1816°  C. 

5Ca0.3AL03  1387°  C. 

CaO.Al203  1587°  C. 

3Ca0.5AL03  1725°  C. 


Comparing  these  fusion  points,  it  is  evident  that  the  spinel  is  the 
most  refractory  compound  available,  especially  when  other  prop- 
erties are  considered. 

Tubes  and  crucibles  of  spinel  have  been  supplied  for  some- 
time by  the  Royal   Porcelain   Manufactory,   Berlin.'' 

Preparation  of  the  Compound.  A  mixture  of  45.2  per 
cent  of  flocculent  MgCOj  and  54.8  of  calcined  alumina  was 
ground  dry  in  a  ball  mill,  tempered  with  water  and  made  into 
balls  about  i,'4  in.  in  diameter.  It  would  be  preferable  to  use 
for  this  purpose  natural  magnesite  of  sufficient  purity  because 

•*  Hatjdhutrh  der  gesammten  Thonwaaren  Industrie,  p.  9C5.  Dingler's  Journal 
No.    179.  p.    194. 
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the  latter  could  be  handled  more  easily  and  wonld  shrink  less  in 
calcination.  California  magnesite  is  best  used  in  the  preparation 
of  this  material.  The  present  mixtures  were  calcined  at  cone  22. 
Several  other  heat  treatments  were  also  tried  even  up  to  cone  30. 
The  higher  the  burning,  and  the  more  burnings  the  mixture  re- 
ceives, the  better  is  the  result  as  there  is  considerable  shrinkage, 
and  it  should  be  taken  out  as  nearly  as  possible. 

After  calcining  it,  the  material,  which  was  a  hard,  white, 
semi-vitreous  mass,  was  ground  dry  in  a  mortar.  Three  sizes 
were  used  40F,  20F,  and  20-40.  This  material  when  mixed  with 
water  has  no  plasticity,  and  the  fabrication  presents  a  good  many 
difficulties.  Ground  sand  or  glass,  mixed  with  water,  is  about 
as  easy  to  work. 

Casting  was  tried  with  all  mixtures,  and  in  several  ways, 
with  salts,  glim,  etc. ;  also  thick,  thin,  in  oiled  molds,  dry  molds, 
wet  molds,  and  in  every  other  way  that  we  could  think  of. 
Drawing  the  slip  from  the  mold  presents  more  trouble.  Being 
so  non-plastic,  a  channel  is  washed  out  wherever  the  slip  is 
poured  out,  and  the  walls  are  of  uneven  thickness,  and  the  piece 
warps.  Several  attempts  were  made  to  eliminate  this.  W'liat  few 
pieces  were  cast  were  exceedingly  short  and  very  hard  to  handle 
at  all,  when  dry. 

Jiggering  was  then  tried,  and  it  has  worked  out  very  well, 
with  all  three  sizes  of  grain.  It  is  essential  that  the  water  con- 
tent be  just  right  and  that  the  molds  be  coated  with  a  mixture 
of  very  fine  graphite  suspended  in  oil.  The  ware  releases  quickly 
and  should  be  taken  out  of  the  mold  as  soon  as  possible.  The 
green  ware  is  tough  enough  to  be  handled  and  can  be  dried  out 
and  set  with  safety,  if  reasonable  care  is  used. 

The  Burning.  None  of  the  ware  was  burned  less  than 
twenty  hours  nor  below  cone  17.  Several  pieces  burned  at  the 
above  heat  were  reheated  to  cone  34  in  a  rapid  burn,  and  showed 
a  shrinkage  of  16  percent.  The  harder  the  calcine  is  burned,  the 
less  the  shrinkage  will  be  in  the  finished  ware.  The  ware  burned 
at  cone  17  is  cream  white,  porous,  and  appears  similiar  to  an 
ordinary  white  biscuit  body  but  of  rougher  texture,  on  account 
of  being  made  of  coarse  grained  material.  The  ware  burned  to 
cone  33  was  vitrified  to  a  dense  translucent  body.     Examination 
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of  the  broken  section  showed  that  the  vitrification  had  been  car- 
ried far  enough  so  that  the  grains  had  lost  their  identity,  at  least 
to  the  naked  eye. 

Tests  made  with  spinel  crucibles  show  that  the  material  is 
not  easily  attacked  either  by  molten  slag  or  iron  so  long  as  the 
exposed  surfaces  are  dense  and  free  from  blemishes.  The 
crucibles  will  not  stand  exceedingly  rapid  cooling  but  will  stand 
ordinary  usage.  Crucibles  burned  to  cone  35  showed  no  cracks 
when  taken  out  of  the  furnace  after  fifteen  or  twenty  minutes. 
Other  crucibles  did  crack,  however,  when  taken  right  out  of  the 
extreme  heat  with  cold  tongs,  and  set  on  cold  bricks. 

Spinel  should  prove  very  useful  in  the"  manufacture  of 
products  for  use  in  some  metallurgical  investigations.  Special 
furnace  linings,  crucibles,  tubes,  boats,  and  similar  products 
which  should  be  very  refractory,  not  easily  attacked  by  gases 
and  remain  constant  in  weight,  can  be  successfully  made. 

In  conclusion,  the  writer  wishes  to  thank  Mr.  A.  V.  Blein- 
inger  for  many  helpful  suggestions  in  carrying  on  these  in- 
vestigations, also  Mr.  W.  W.  McDaniel,  who  developed  the  swing- 
ing rings  for  setting  tubes,  and  assisted  in  the  manufacturing 
of  the  ware. 

DISCUSSION 

Mr.  Jl'atts:  I  should  like  to  ask,  if  you  made  any  deter- 
minations as  to  the  actual  porosity  of  either  of  these  mixtures 
after  they  were  burned  ? 

Mr.  Riddle:  No,  we  did  not,  but  it  is  very  evident  that 
the  ware  burned  at  the  lower  temperature  is  very  porous. 

Mr.   IVatts:     That  is  what  temperature? 

Mr.  Riddle:  Cone  17.  but  you  will  also  agree  that  there 
is  not  much  porosity  in  the  crucibles  burned  to  cone  34 ;  in  fact, 
the  20  mesh  coarse,  when  it  went  into  the  kiln  was  so  coarse 
that  the  grains  were  easily  distinguishable.  After  burning  to 
cone  34  all  the  20  mesh  grains  entirely  lost  their  identity  and 
the  whole  mass  was  fused  together  and  quite  translucent,  as 
can  be  seen  by  holding  the  sample  up  to  the  light. 

Mr.  IVatts:  Did  you  find  any  evidence  of  translucency 
before  that  high  state  of  vitrification  was  obtained? 

Mr.  Riddle:    No. 


THE   EFFECT   OF    VARIATION    IN    PRESSURE    AND 

MOISTURE    UPON    THE    FORMING    OF 

DUST  PRESSED  TILE 

BY  F.  W.  WALKER,  JR.,  AND  E.  G.  KERR 

The  four  principal  causes  to  which  variation  in  the  porosity 
of  biscuit  wall  tile  are  seemingly  attributable,  are  variations  in 
the  oompounding  of  the  body,  the  firing,  the  moisture  content 
of  the  green  body  and  the  pressure  which  is  applied  when  form- 
ing the  piece.  In  the  following  experimental  work  the  first  two 
of  these  four  variables,  namely  the  body  composition  and  the 
firing  have  been  kept  constant  to  within  practical  limits,  and  the 
effect  of  a  variation  of  the  other  two  noted. 

The  trial  pieces  were  formed  on  an  ordinary  large  hand 
press  with  a  5  foot  wheel  weighing  approximately  325  pound.-, 
and  screw  of  2%  in.  pitch.  The  personal  factor  in  the  pressing 
was  eliminated  entirely  by  standardizing  the  drop  of  the  plunger 
and  working  the  press  only  under  the  influence  of  gravity.  The 
amount  of  this  pressure  is  rather  problematical,  but  an  estimate 
of  its  value  has  been  arrived  at  by  comparative  means,  using 
copper  cubes  of  exactly  i  in.  in  all  directions  annealed  to  650° 
F.  and  noting  the  extent  of  deformation  when  subjected  to  a  re- 
peated number  of  licks  of  the  screw  press  and  comparing  the 
results  thus  attained  with  those  secured  by  a  standard  compres- 
sion machine  wherein  the  load  is  known.  The  results  of  the 
tests  are  as  follows : 


Specimen 

No.  1. 

SPECIMEX 

No.  2. 

NO. 

HKIGHT 

HEIGHT 

TOTAL    LOAD 

LICKS 

OP    CUBE 

OP    CUBE 

SUSTAINED 

1 

.946 

.946 

24,900 

2 

.9195 

.9195 

28.640 

4 

.8865 

.8865 

34,830 

6 

.8655 

.8655 

38.200 

8 

.8515 

.8515 

40.240 

10 

.8405 

.8405 
(409) 

41,200 
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Remarks:  The  height  of  the  specimen  No.  2  was  measured 
without  removing  the  load.  After  applying  the  highest  load,  the 
specimen  was  removed  from  the  machine  and  measured  with  the 
micrometer.    The  height  was  then  found  to  be  .8525  in. 

The  total  pressure  applied  throughout  this  experimental  work 
has  been  kept  constant  and  rather  than  use  any  given  value  as 
arrived  at  by  the  above,  the  pressure  is  represented  by  the  letter 
"K". 

Variations  in  the  pressure  applied  to  the  dust  were  obtained 
by  varying  the  surface  of  the  trial  piece.  Six  circular  boxes  and 
dies  were  made,  the  diameter  of  which  were  made  to  vary  in  ac- 
cordance with  the  V2.  This  gave  a  series  of  areas  each  sub- 
sequent one  being  twice  that  of  the  one  just  preceding. 

A  constant  body  of  commercial  proportions  was  used 
throughout  the  work,  and  every  possible  care  was  used  in  the 
preparation  of  the  various  dusts  in  order  to  eliminate  all  such 
chances  of  error  as  might  be  due  to  the  non-uniformity  of  the 
moisture  distribution,  the  grinding  and  the  sieving. 

Three  dusts  of  varying  moisture  content  were  used  for  the 
work,  one  of  average  amount,  another  of  comparatively  high 
content,  and  another  of  comparatively  low  content,  namely  as 
follows:  1 1.3,  14.2  and  7.9  percent  on  the  dry  weight  respec- 
tively. The  moistures  were  checked  very  carefully  during  the 
three  days  required  for  making  up  the  trial,  and  when  necessary 
corrections  were  made.  The  above  figures  are  average  contents, 
but  the  variation  in  all  cases  amounted  to  less  than  JX  percent. 
Some  of  the  variation  in  the  results  obtained  are  in  all  probability 
attributable  to  this  variation  in  moisture,  but  better  results  could 
hardly  be  obtained  under  the  conditions. 

The  trial  pieces  were  pressed  by  first  allowing  the  plunger 
of  the  press  to  enter  the  box  very  slowly  and  compress  the  dust 
only  sufficiently  to  eliminate  the  larger  proportion  of  air  which 
would  under  other  conditions  cause  a  blowing  of  the  piece. 
The  plunger  was  then  raised  to  a  constant  point  and  allowed 
to  drop  on  the  piece  under  influence  of  its  own  weight  and 
momentum.  The  number  of  applications  of  the  same  pressure 
was  varied  from  two  to  ten  licks,  two  licks  at  a  time.  This 
was  for  the  purpose  of  noting  the  effect  upon  the  porosity  of  a 
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repeated  application  of  the  same  pressure  such  as  is  given  by 
the  tile  presser  in  forming  his  piece. 

All  trials  thus  formed  were  placed  in  saggers  and  fired  to- 
gether to  Mayer  cone  lo  bent  in  a  part  of  the  kiln  giving 
greatest  uniformity.  Following  the  firing,  shrinkage  was  meas- 
ured to  i/ioooth  of  an  inch  by  means  of  a  micrometer,  the 
percent  being  figured  upon  the  gre'en  length,  and  the  porosity 
determined  by  means  of  the  three  hour  boiling  test  and  volu- 
meter, and  the  percent  of  porosity  expressed  in  terms  of  the 
displacement. 

Two  trials  were  prepared  for  each  determination,  one  to 
serve  as  a  check  upon  the  other,  and  the  average  figure  taken. 
The  results  are  given  in  the  Tables  and  Figures. 

The  effect  of  pressure  and  the  repeated  application  of  the 
same  pressure  for  various  moisture  contents  is  shown  clearly 
by  curves  of  Figs,  i,  2  and  3,  each  set  of  curves  representing 
the  variation  for  a  given  moisture.  The  vertical  coordinate  is 
a  measure  of  the  porosity  and  the  horizontal  one  that  of  pressure 
per  square  inch.  The  pressure  per  square  inch  is  expressed  by 
the  reciprocal  of  the  area  in  square  inches  times  the  constant 
"K"  previously  referred  to,  which  represents  the  sum  total 
pressure  applied.  The  various  applications  of  the  same  pressure 
are  plotted  along  the  single  pressure  coordinate,  and  the  corre- 
sponding points  connected  by  varying  the  line  structure.  From 
these  curves  it  can  be  seen  very  readily  that  after  the  second 
lick,  or  following  the  expulsion  of  the  air  from  the  dust,  the 
decrease  in  porosity  for  any  repetition  of  the  same  pressure  is 
continuous,  but  decreasing  in  amount  with  increase  in  total 
pressure  per  sq.  in.,  or  the  number  of  licks  applied  showing 
at  the  higher  pressures  a  confusion  of  points  which  are  ac- 
counted for  by  slight  variations  in  the  moisture,  pressure,  and 
measurements  which  are  all  within  the  limit  of  possible  error 
and  especially  so  with  the  smallest  tile.  The  variations  in  the 
curves  representing  6,  8,  and  10  licks  at  point  .0625-K,  Fig.  3, 
are  due  to  the  blowing  of  the  trials  which  was  not  noticed  until 
after  the  burning.  These  curves  have  been  so  grouped  as  to 
show  variations  in  porosity  for  the  dust  of  varying  moisture 
contents,  the  horizontal  co-ordinates  all  being  of  equal  elevation. 
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The  various  limitations  in  the  porosity  for  any  given  mois- 
ture content  of  dust  are  better  shown  by  the  curves  of  Fig.  4, 
which  are  the  same  as  those  shown  on  Fig.  i,  2  and  3,  with  the 
exception  that  the  average  value  of  all  repeated  applications  of 
the  same  pressure  has  been  plotted,  thus  reducing  the  curves 
from  15  to  3.  As  a  result  of  the  slight  variations  and  irregulari- 
ties in  the  results  this  grouping  seems  justifiable  and  aids  further 
in  the  making  of  deductions  as  to  the  possible  limitations  of  pres- 
sure for  any  given  moisture  content. 

From  these  curves,  the  general  character  of  which  is  the 
same,  the  efifect  of  increasing  pressure  can  be  readily  noted. 
Wherein  pressure  per  sq.  in.  is  low  the  variation  in  porosity 
for  any  slight  change  in  pressure  is  considerable,  but  with  the 
higher  pressures  the  variation  is  of  secondary  importance  in 
securing  uniformity  to  that  of  the  moisture  content.  The  effect 
of  a  variation  in  moisture  content  upon  porosity  proves  to  be 
of  considerable  magnitude  throughout  the  range  of  this  investi- 
gation and  is  of  about  equal  extent  in  the  case  of  the  high  and 
low  pressure  trials  with  a  decrease  in  the  case  of  pressures 
approximating  .05  K.  which  is  about  that  of  the  average  hand 
operated  press.  This  you  note  corresponds  approximately  to 
the  pressure  indicated  by  the  intersection  of  the  curves  and 
shows,  that  within  the  pressure  and  moisture  limits  here  given 
the  moisture  serves  both  to  increase  and  to  decrease  porosity, 
depending  upon  the  pressure  applied.  This  is  better  shown  in 
the  curves  of  Fig.  6,  which  are  a  replotting  of  the  same  points 
shown  on  Fig.  4.  with  the  exception  that  the  horizontal  co- 
ordinate is  a  measure  of  the  moisture  in  place  of  the  pressure. 
These  curves  bring  out  more  clearly  the  pressure  referred  to 
previously,  namely.  .05  K.  Pressures  per  sq.  in  below  this  figure 
give  a  decrease  in  the  porosity  with  increase  in  moisture  content, 
but  above  this  pressure  an  increase  in  porosity.  There  are,  how- 
ever, insufficient  curves  to  fix  definitely  the  relation  between 
moisture  and  porosity  variations. 

By  further  referencee  to  the  curves  of  Fig.  4,  a  line  repre- 
senting the  practical  limitations  of  pressure  application  for  any 
given  moisture  content  can  be  drawn  by  assuming  some  point 
on  each  of  the  three  cur\-es  whose  direction  of  curvature  is  the 
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same,  and  vvhifli  in  this  case  is  represented  by  i/.J  K.  the 
tangent  of  the  angle  formed  by  the  intersection  of  the  tangent 
to  the  curve  with  the  horizontal  co-ordinate.  This  line  in  this 
case  has  been  arbitrarily  taken  and  may  be  shifted  either  to 
the  right  or  to  the  left,  according  to  further  investigations,  or 
the  opinion  of  the  individual,  but  such  tends  to  indicate  that 
pressures  per  s(|.  in.  should  equal  a  certain  amount  for  any 
given  moisture  content  to  ])revent  excessive  porosity  variations 
due  to  slight  variations  in  the  pressure  ap])lied,  but  any  increase 
much  beyond  this  amount  does  not  give  a  justifiable  reduction 
in  porosity  and  tends  to  increase  the  wear  upon  the  press. 

A  better  understanding  of  the  result  so  obtained  can  be 
had  by  a  replotting  of  the  curve,  using  the  vertical  co-ordinate 
as  a  measure  of  the  pressure  and  horizontal  one  as  a  measure 
of  the  moisture  content.     See  Fig.  5. 

The  shrinkage  curves  for  these  various  pressure  applica- 
tions combined,  as  in  the  case  of  curves  shown  on  Fig.  4,  are 
shown  on  Fig.  7.  As  can  be  easily  noted  the  shrinkage  de- 
creases with  increase  of  pressure  for  all  dusts  to  a  point  ap- 
proximating .25  K,  beyond  which  the  shrinkage  increases.  In 
the  entire  30  trials  determining  these  three  points  no  excep- 
tions to  this  condition  were  liad.  It  may  be  possible  that  this 
is  due  to  some  variation  in  the  time-temperature  curves  for  the 
various  trials,  but  such  does  not  seem  possible  to  the  writers, 
the  trials  all  being  burned  together  and  under  apparenllv  the 
same  conditions.  To  insure  against  any  mistakes,  however,  the 
results  were  checked  by  pressing  new  trials  under  average  con- 
ditions using  4  licks  and  12.36  percent  moisture,  and  the  results 
thus  obtained  are  as   follows : 
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NO.  OF 

X.M. 

GREEN 

av'g. 

"encxh 

.VC. 

SH..NKACE 

SH.NK.GE 

1 

1 

1 
2 

9.0400 

9.0390 

.0395 

8.5625 
8.5620 

.5622 

.4773 

percent 
5.16  • 

2 

2 

1 
2 

6.4185 
6.4190 

.4187 

6.073 
6.080 

.0705 

-.3482 

5.43 

3 
3 

1 
2 

4.5220 
4.5230 

.5225 

4.323 
4.311 

.3110 

.2110 

4.68 

4 
4 

1 

2 

3.1975 
3.1985 

.1980 

3.053 
3.060 

.0.505 

.  1475 

4.61 

5 
5 

1 
2 

2.2630 
2.2630 

.2630 

2.163 
2.161 

.1560 

.1070 

4.74 

6 
6 

1 
2 

1.6010 
1.6010 

.6010 

1.527 
1.523 

.5190 

.0820 

5.12 

These  results  bear  out  the  previous  findings.  It  is  also  ap- 
parent from  these  curves  that  the  shrinkage  for  any  given 
pressure,  especially  when  greater  than  .05  K,  will  decrease  with 
decrease  in  moisture  content  of  the  dust  within  the  limits  here 
studied. 

From  the  curves  a  better  understanding  of  many  of  the 
difficulties  experienced  in  the  pressing  of  dust-pressed  tile  can 
be  had  and  especially  is  such  the  case  with  the  pressing  of 
trim  wherein  it  becomes  difficult  to  secure  a  uniform  applica- 
tion of  the  same  pressure.  With  the  shrinkage  variation  as 
the  result  of  non-homogeneity  of  the  moisture  distribution  and 
varying  pressure,  stresses  result  which  lead  to  crooking  and 
cracking  of  the  ware. 

The  writers  wish  at  this  time  to  express  their  appreciation 
of  the  assistance  of  Mr.  A.  V.  Bleiniger  in  securing  the  results 
relative  to  the  compression  test  upon  the  copper  cube. 
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DUST    PRESSED   TILE 


, 

GREEN 

BURNED 

DIFFER- 

AV'G. 

POROS- 

av'g. 

SIZE 

DUST 

LE.NGTH 

ITY 

POROS. 

percent 

inches 

inches 

percent 

1.596 

14.2 

2 

1.596 

1.515 

.081 

19.26 

1.590 

14.2 

9 

1.596 

1.516 

.080 

5.045 

19.19 

19 

23 

1.59ti 

14.2 

4 

1.596 

1.518 

.078 

19.14 

1.596 

14.2 

4 

1.596 

1.516 

.080 

4.95 

19.39 

19 

26 

1.596 

14.2 

6 

1.596 

1.510 

.080 

18.65 

1.596 

14.2   , 

6 

1.596 

1.516 

.080 

5.01 

19.20 

18 

92 

1.596 

14.2 

8 

1.59(i 

1.513 

.083 

18.18 

1.596 

14.2 

8 

1.596 

1.517 

.079 

5.075 

19.50 

18 

84 

1.596 

14.2 

10 

1.596 

1.517 

.079 

19.27 

1.596 

14.2 

10 

1.596 

1.513 

.083 

.5.075 

18.90 

19 

08 

1.596 

1.515 

.080 

5.031 

19.06 

1.596 

11  2 

2 

1.596 

1.534 

.062 

17.48 

1.596 

11.3 

2 

1.596 

1..534 

.062 

3.89 

17.76 

i7.62 

1.596 

11.3 

4 

1.596 

1.5.33 

.063 

17.11 

1.596 

11.3 

4 

1.596 

1.533 

.063 

3.95 

16.94 

17.02 

1.596 

11.3 

6 

1.596 

1.534 

.062 

16.88 

1.596 

11.3 

6 

1.596 

1.534 

.062 

3.89 

16.74 

16.81 

1.596 

11.3 

8 

1.596 

1.536 

.060 

17.01 

1.596 

11.3 

8 

1.596 

1.535 

.061 

3.79 

17.03 

17.02 

1.596 

11.3 

10 

1.596 

1.5.34 

.062 

16.02 

1.596 

11.3 

10 

1.596 

1.5.33 

.063 
.062 

3.92 

16.48 

16.25 

1.596 

1.534 

3.88 

16.94 

1 .596 

7.9 

2 

1.596 

1.542 

.054 

15.50 

1.596 

7 

9 

2 

1.596 

1.542 

.054 

3.. 38 

15.70 

15.60 

1.596 

9 

4 

1.596 

1.542 

.054 

15.74 

1.596 

7 

9 

4 

1.596 

1.541 

.055 

3.415 

15.15 

15.49 

1.596 

7 

9 

6 

1.596 

1.543 

.053 

14.9(1 

1.596 

7 

9 

6 

1.596 

1.541 

.055 

8.385 

15.59 

15.24 

1.596 

7 

9 

8 

1.596 

1.543 

.053 

14.54 

1.596 

7 

<l 

8 

1.59(i 

1.543' 

.053 

3.. 32 

14.53 

14.53 

1.596 

7 

9 

10 

1.596 

1.542 

.054 

14.73 

1.596 

9 

10 

1.596 

1.543 

.053 

3.. 35 

15.17 

14.95 

1.596 

1.541 

.053 

3.37 

.... 

15.16 
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TABLE    II 


GREEN 

BURNED 

DIFFER- 

AV'C. 

POROS- 

av'g. 

SIZE 

DUST 

LICKS 

LENGTH 

J.ENGTH 

ENCE 

SHRKC. 

ITY 

POROS. 

percent 

inches 

inches 

percent 

2.250 

14.2 

2 

2.250 

2.142 

.108 

19.95 

2.250 

14.2 

2 

2.250 

2.142 

.108 

4.80 

19.78 

19.86 

2.250 

14.2 

4 

2.250 

2.142 

.108 

19.61 

2.250 

14.2 

4 

2.2-50 

2.139 

.111 

4.865 

19.62 

19.61 

2.250 

14.2 

6 

2.2.50 

2.144 

.106 

19.11 

2.250 

14.2 

6 

2.2.50 

2.147 

.103 

4.645 

19.01 

19.06 

2.250 

14.2 

8 

2.250 

2.144 

.106 

18.97 

2.250 

14.2 

8 

2.250 

2.140 

.110 

4.80 

19.95 

19.46 

2.250 

14.2 

10 

2.250 

2.142 

.108 

19;  09 

2.250 

14.2 



10 
- 

2.250 

2.140 

.110 
.107 

4.845 

19.79 

19.44 

2.250 

2.142 

4.791 

19.48 

11.3 

2 

2 

250 

2.167 

.083 

11.3 

2 

2 

250 

2.167 

.083 

11.3 

4 

2 

250 

2.167 

.083 

11.3 

4 

2 

250 

2.167 

.083 

11.3 

6 

2 

250 

2.168 

.082 

11.3 

0 

2 

251) 

2.169 

.081 

11.3 

8 

2 

250 

2.168 

.082 

11.3 

8 

2 

250 

2.168 

.082 

11.3 

11) 

') 

250 

2.169 

.081 

11.0 

10 

2 

250 

2.168 

.082 

2.250 

2.167 

.082 

3.69 

3.69 

3;62    I 

3^64 

3.62 

3.65 


17.70 
17.55 
17.24 
17.36 
17.00 
16.99 
17.16 
17.00 
16.98 
16.91 


17.62 
30 

16.99 
OS 

16.94 


17.18 


2.250 

7.9 

2 

2.250 

2.178 

.072 

16.30 

2.250 

7.9 

2 

2.2.50 

2 

178 

.072 

3.20 

16.28 

16.29 

2.250 

7.9 

4 

2.250 

•> 

179 

.071 

15.57 

2.250 

7.9 

4 

2.250 

2 

179 

.071 

3.16 

15.67 

15.62 

2.2.50 

7.9 

6 

2.2.50 

2 

181 

.069 

15.51 

2.250 

7.9 

6 

2.250 

2 

180 

.070 

3.09 

15.66 

15.. 58 

2.250 

7.9 

8 

2.2.50 

2 

181 

.069 

15.13 

2.250 

7.9 

8 

2.250 

2 

182 

.068 

3.045 

15.05 

15.09 

2.2.50 

7.9 

10 

2.250 

2 

181 

.069 

15.20 

2.250 

7.9 

10 

2.250 

2 

182 

.068 
.069 

8.045 

15.35 

15.27 

2.250 

2.180 

3.108 

.... 

15.57 
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TABLE    III 


1 

BURNED 

DIFFER- 

AV G. 

. 

SIZE 

DUST 

LICKS 

LENGTH 

LENGTH 

ENCE 

SHRKG. 

ITY 

POBOS. 

percent 

inches 

inches 

percent 

3.191 

14.2 

2 

3.191 

3.022 

.169 

20.08 

3.191 

14.2 

2 

3.191 

3.022 

.169 

5.. 30 

20.41 

20 

25 

3.191 

14.2 

4 

3.191 

3.021 

.170 

19.68 

3.191 

14.2 

4 

3.191 

3.018 

.173 

5.375 

19.78 

19 

73 

3.191 

14.2 

6 

3.191 

3.021 

.170 

19.87 

3.191 

14.2 

6 

3.191 

3.021 

.170 

5.33 

19.57 

19 

72 

3.191 

14.2 

8 

3.191 

3.024 

.167 

20.00 

3.191 

14.2 

8 

3.191 

3.022 

.169 

5.265 

19.95 

19 

97 

3.191 

14.2 

10 

3.191 

3.024 

.167 

19.61 

3.191 

14.2 

10 

3.191 

3.025 

.166 
.169 

5.215 

19.92 

19 

70 

3.191 

3.022 

5.297 

19.88 

3.191 

11.3 

2 

3.191 

3.063 

.128 

18.37 

3.191 

11.3 

2 

3.191 

3.063 

.128 

4 

01 

18.02 

18.19 

3.191 

11.3 

4 

3.191 

3.067 

.124 

17.73 

3.191 

11.3 

4 

3.191 

3.068 

.123 

3 

87 

17.57 

17.65 

3.191 

11.3 

6 

3.191 

3.067 

.124 

17.73 

3.191 

11.3 

6 

3.191 

3.066 

.125 

3 

905 

17.82 

17.77 

3.191 

11.3 

8 

3.191 

3.069 

.122 

17.51 

3.191 

11.3 

8 

3.191 

3.069 

.122 

3 

82 

17.79 

17.65 

3.191 

11.3 

10 

3.191 

3.068 

.123 

17.. 39 

3.191 

11.3 


10 

- 

3.191 

3.068 
3.066 

.  123 

.124 

3 

85 

17.17 

17.28 

3.191 

3.891 

17.71 

3.19 
3.19 
3.19 
3.19 
3.19 
3.19 
3.19 
3.19 
3.19 
3.19 


3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3 

191 

3.075 
3.076 
3.081 
3.080 
3.082 
3.081 
3.081 
3.083 
3.080 
3.082 

3.080 


.116 
.115 
.110 
.111 
.  109 
.110 
.110 
.108 
.111 
.109 


18.04 
16.90 
16.63 
16.53 
16.02 
16.75 
16.31 
15.94 
16.21 
16.28 
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GREEN 

BURNED 

DIFFER- 

AV'C. 

POROS- 

AV-G. 

SIZE 

DOST 

LICKS 

LENGTH 

iENGTH 

ENCE 

SHRKG. 

ITY 

POROS. 

percent 

inches 

inches 

percent 

4.515 

14.2 

2 

4.515 

4.258 

.267 

20.76 

4.515 

14.2 

2 

4.515 

4.269 

.246 

5.57 

20.. 58 

20 

67 

4.515 

14.2 

4 

4.515 

4.272 

.243 

20.64 

4.515 

14.2 

4 

4.515 

4.265 

.250 

5.46 

19.80 

20 

22 

4.515 

14.2 

6 

4.515 

4.280 

.235 

20.24 

4.515 

14.2 

6 

4.615 

4.274 

.241 

5.27 

20.89 

20 

5fi 

4.515 

14.2 

8 

4.515 

4.284 

.231 

20.83 

4.515 

14.2 

8 

4.515 

4.282 

.233 

5.14 

20.73 

20 

78 

4.515 

14.2 

10 

4.515 

4.276 

.239 

20.64 

4.515 

■ 

14.2 

10 
- 

4.515 

4.282 

.243 

.241 

5.34 

21.21 

20 

92 

4.515 

4.274 

5.35 

20.63 

4.515 

11.3 

2 

4.515 

4.. 328 

187 

20.09 

4.515 

11.3 

2 

4.515 

4.324 

191 

4.185 

20.17 

20.13 

4.515 

11.3 

4 

4.515 

4.334 

181 

19.17 

4.515 

11.3 

4 

4.515 

4.328 

187 

4.075 

18.85 

19.01 

4.515 

11.3 

6 

4.515 

4.327 

188 

19.09 

4.515 

11.3 

6 

4.515 

4.329 

18() 

4.14 

18.72 

18.90 

4.515 

11.3 

8 

4.515 

4.334 

181 

18.82 

4.515 

11.3 

8 

4.515 

4.333 

182 

4.02 

18.59 

18.70 

4.515 

11.3 

10 

4.515 

4.328 

187 

18.46 

4.615 

11.3 

10 

4.515 

4.334 

1 

181 
185 

4.075 

18.79 

18.62 

4.515 

4.329  1 

1 

4.099 

19.07 

7.9 
7.9 
7.9 
7.9 
7.9 
7.9 
7.9 
.7.9 
7.9 
7.9 


4.515 
4.515 
4.515 
4.515 
4.515 
4.515 
4.515 
4.515 
4.515 
4.515 

4.615 


4.33] 
4.331 
4.340 
4.339 
4.344 
4.. 343 
4.. 341 
4.347 
4.. 348 
4.348 

4.339 


.184 
.184 
.175 
.176 
.171 
172 
.174 
.168 
.167 
.167 

.173 


4.08 


95 

i 

3.855 


20.87 
20.70 
19.50 
19.. 52 
18.51 
18.98 
18.37 
18.93 
18.78 
18.88 


20 '.78 

ig^si 

18. U 
18.65 

18. is 

19.28 
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6.372 
6.372 
6.372 
6.372 
6.372 
6.372 
6.372 
6.372 
6.-372 
6.372 


DCST    PRESSED    TILE 
TABLE    V 


I  I      GREEN 

I       DUST        i    LICKS   I     LENGTH 

I  I  I 


percent 

inches 

14.2 

2 

6.372 

14.2 

2 

6.372 

14.2 

4 

6.372 

14.2 

4 

6.372 

14.2 

6 

6.372 

14.2 

6 

6.372 

14.2 

8 

6.372 

14.2 

8 

6.372 

14.2 

10 

6.372 

14.2 

10 
- 

6.372 

6.. 372 

S-ED 


inches 
6.040  !   .332 
6.038      .334 


I      SHRKG.      I 

J L 

i  I 

percent 


6.040 
6.037 
6.028 
6.029 
6.041 
6.040 
6.044 
6.045 

6.038 


.332 
.335 
..344 
.343 
.331 
.332 
.328 
..327 

.333 


5.235 


•5.20 


.235 


21.71 

21.86 

21. 

20.92 

20.60 

20 

20.54 

20.60 

2(1. 

20.64 

20.53 

20. 

20.74 

20.73 

20. 

20.88 


6.372 

11.3 

2 

6.372 

6.082 

.290 

23.60 

6.372 

11.3 

2 

6.. 372 

6.086 

.286 

4.515 

23.84 

23 

72 

6.372 

11.3 

4 

6.372 

6.096 

.276 

22.22 

6  372 

11.3 
11.3 

4 
6 

6.. 372 
6.372 

6.097 
6.098 

.275 
.274 

4.. 325 

22.18 
21.62 

9-) 

■H) 

6.372 

6.372 

11.3 

6 

6.372 

6.106 

.266 

4.24 

21.87 

2i 

i.-> 

6.372 

11.3 

8 

6.372 

6.114 

.2.58 

21.67 

6.372 

11.3 

8 

6.372 

6.113 

.2.59 

4.06 

21.55 

2! 

01 

6.372 

11.3 

10 

6.373 

6.114 

.2.58 

21.21 

6.372 

11.3 

10 

6.372 

6.116 

.2.56 
.269 

4.03 

21.48 

21 

34 

6.372 

6.102 

4.234 



22.12 

6.372 

7.9 

2 

6.372 

6.096 

.276 

24.68 

6.372 

7.9 

2 

6.372 

6.100 

.272 

4.30 

24.81 

24 

74 

6.372 

7.9 

4 

6.372 

6.099 

.273 

22.88 

6.372 

7.9 

4 

6.372 

6.105 

.267 

4.2-35 

23.26 

23 

07 

6.372 

7.9 

6 

6.-372 

6.113 

.2-59 

22.93 

6.372 

7.9 

6 

6.372 

6.118 

.2-54 

4.025 

22.80 

9-T 

86 

6.372 

7.9 

8 

6.372 

6.120 

.2-52 

22.49 

6.372 

7.9 

8 

6.372 

6.119 

.253 

3.955 

22.69 

09 

59 

6.372 

7.9 

10 

6.372 

6.116 

.2-56 

21.90 

6.372 

7.9 

10 

6.-372 

6.117 

.2.55 
.265 

4.6i 

22.03 

21 

96 

6.-372 

6.110 

4.105 

23.04 
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TABLE    VI 


GREEN 

BURNED 

DIPPER- 

.V'G. 

POROS- 

AV-O. 

SIZE 

DUST 

LICKS 

LENGTH 

LENGTH 

ENCE 

SHRKG. 

ITY 

POROS. 

percent 

inches 

inches 

percent 

9.040 

14.2 

2 

9.040 

8.531 

.515 

20.25 

9.04(3 

14.2 

2 

9.040 

8.531 

.515 

5.69 

27.45 

26.85 

9.040 

14.2 

4 

9.040 

8.531 

.515 

24.41 

9.040 

14.2 

4 

9.040 

8.546 

.500 

5.60 

23.75 

24.08 

9.040 

14.2 

0 

9.040 

8.531 

.515 

23.45 

9.040 

14.2 

0 

9.040 

8.500 

.546 

5.86 

23.35 

23.40 

9.040 

14.2 

8 

9.046 

8.531 

.515 

22.91 

9.040 

14.2 

8 

9.040 

8.546 

.500 

5.60 

23.95 

23.43 

9.040 

14.2 

10 

9.046 

8.531 

.515 

23.41 

9.040 

14.2 

10 

9.046 

8.531 

.515 

5.69 

23.42 

23.41 

9.046 

8.531 

.515 

5.08 

24.23 

9.040 

11.3 

2 

9.046 

8.591 

.455 

29.71 

9.046 

11.3 

2 

9.046 

8.598 

.448 

4.99 

29.55 

29.63 

9.046 

11.3 

4 

9.046 

8.603 

.443 

27.35 

9.040 

11.3 

4 

9.046 

8.588 

.458 

4.98 

26.95 

27.15 

9.040 

11.3 

6 

9.046 

8.625 

.421 

26.75 

9.040 

11.3 

6 

9.046 

8.623 

.423 

4.67 

27.01 

26.88 

9.040 

11.3 

8 

9.046 

8.614 

.432 

26.21 

9.040 

n.3 

8 

9.046 

8.623 

.423 

4.73 

26.61 

26.41 

9.046 

11.3 

10 

9.046 

8.625 

.421 

26.41 

9.040 

11.3 

10 

9.040 

8.026 

.420 
.434 

4.65 

26.33 

26.37 

9.040 

8.611 

4.80 

27.28 

9.040 

7.9 

0 

9.046 

8.600 

-446 

29.89 

9.046 

7.9 

2 

9.046 

8.575 

.471 

5.07 

29.90 

29.89 

9.040 

7.9 

4 

9.046 

8.607 

.439 

27.80 

9.040 

7.9 

4 

9.046 

8.597 

.449 

4.91 

27.21 

27.50 

9.046 

7.9 

0 

9.046 

8.620 

.426 

28.09 

9.040 

7.9 

6 

9.046 

8.622 

.424 

4.70 

26.95 

27.52 

9.046 

7  9 

8 

9.046 

8.021 

.425 

26.65 

9.046 

7.9 

8 

9.046 

8.621 

.425 

4.70 

27.00 

26.82 

9.046 

7.9 

10 

9.040 

8.621 

.425 

27.. 35 

9.040 

7.9 

10 

9.046 
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THE   EFFECT   OF   THE   POROSITY    OF   THE   BODY 

AND  THE   MOISTURE   CONTENT   OF   THE 

GLAZE  IN  THE  APPLICATION  OF 

MAT  GLAZES 

HV   F.   S.    HUNT 

The  application  of  mat  glazes  to  biscuit  bodies  offers  diffi- 
culties not  encountered  in  the  use  of  bright  glazes.  This  is  em- 
phasized in  cases  where  the  delicate  veining  from  the  healed 
drying  cracks  is  desired.  To  secure  these  markings  with  a  uni- 
formity of  effect  from  burn  to  burn  requires  a  most  minute  dupli- 
cation of  conditions.  The  attempt  to  secure  like  markings  on 
flat  tile,  and  on  trim  tile  (angles,  stops,  curved  tile,  etc.)  is  also 
difficult.  A  glaze  applied  simultaneously  to  flat  and  trim  tile  may 
behave  admirably  on  the  trim  and  craw!  into  separate  glaze  sec- 
tions on  the  flat  or  vice  versa. 

The  present  paper  does  not  deal  with  mat  glazes  from  the 
standpoint  of  formulae  and  composition,  but  treats  only  of  the 
matter  of  their  application.  It  does  not  touch  upon  the  subject 
of  the  addition  of  gums  and  salts  in  the  securing  of  a  better  co- 
hesion within  the  glaze  and  adhesion  between  the  glaze  and  body. 
The  object  of  this  paper  is  to  first  study  the  effect  on  the  result- 
ant mat  texture  when  applying  the  glaze  to  tile  of  different  poros- 
ities, also  to  note  the  effect  of  the  moisture  content  of  the  glaze 
on  this  same  texture.  A  second  part  of  the  object  was  to  de- 
termine whether  this  variation  in  texture  was  caused  solely  by 
the  thickness  of  dip,  which  in  turn  was  influenced  by  the  porosity 
of  the  body  and  moisture  content  of  the  glaze,  or  if  there  were 
a  second  factor,  independent  of  the  thickness  of  dip,  due  to  the 
rate  at  which  the  water  was  removed  from  the  glaze  by  absorp- 
tion into  the  body  and  evaporation  to  the  air.  For  example:  if 
the  moisture  content  is  very  low  and  the  porosity  is  high,  the 
drying  cracks  appear  as  a  flash  immediately  after  the  dipping, 
while  with  a  lower  porosity  and  higher  moisture  content,  the  dry- 
ing cracks  become  visible  to  the  eye  only  after  a  considerable 
(428) 
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amount  of  time  has  elapsed.  In  the  first  case  it  is  evident  that 
practically  all  of  the  water  from  the  glaze  has  been  absorbed 
by  the  body.  In  the  latter  case  an  appreciable  amount  has  been 
evaporated  by  the  air. 

Outline  of  the  Work.  Three  representative  raw  lead  mat 
glazes  were  taken.  These  were  prepared  in  the  usual  manner. 
Ii;  order  that  the  effect  of  the  raw  clay  might  not  vary,  the  same 
quantity,  .05  equivalent  was  used  in  each  case,  the  balance  of  the 
clay  required  being  added  as  calcined  clay.  The  glazes  were 
brought  to  a  thick  consistency,  and  each  glaze  divided  into  eight 
parts,  seven  of  these  parts  were  diluted  with  increasing  amounts 
of  water,  so  that  of  each  glaze  there  were  eight  portions  of  dif- 
ferent moisture  contents.  These  portions  were  lettered  from  A 
to  H  in  the  order  of  increasing  moisture  content.  The  percent 
moisture  content  of  each  was  determined  in  a  50-gram  sample. 

The  tile  used  were  of  the  same  composition  but  varying  in 
porosity  from  14  percent  to  31  percent,  this  variation  being  se- 
cured by  variation  of  moisture  content  of  the  dust  and  varia- 
tion of  pressure  as  described  by  Walker  and  Kerr  in  their  paper, 
in  this  volume. 

Ten  tile  covering  the  range  of  porosity  were  dipped  with 
each  moisture  content  of  each  glaze,  making  240  trials  in  all. 
In  dipping,  the  effort  was  made  to  secure  a  uniform  dip  of  ap- 
proximately one-tenth  inch  in  thickness.  This  was  applied  at 
one  time.  The  porosity  and  volume  of  each  piece  having  been 
determined,  the  area  to  be  glazed  was  calculated  by  assuming  that 
the  faces  of  the  trials  were  parallel  planes  and  that  the  sides 
were  perpendicular  to  these  planes.  The  volume  divided  by  the 
thickness  gave  the  area.  The  thickness  taken  was  the  average 
of  three  micrometer  measurements  of  each  trial. 

The  weight  of  the  glazed  tile,  after  burning,  less  the  weight 
of  the  dry  biscuit  tile  gave  the  weight  of  the  fused  glaze.  This 
weight  in  grams  divided  by  the  area  in  square  cm.  gave  the 
weight  per  unit  area,  a  value  which  could  be  compared  for  the 
different  trials. 

The  trials  were  placed  flat  in  luted  saggers  and  burned  to 
cone  1  in  24  hours.  The  trials  were  all  in  the  same  section  of 
the  kiln  so  that  the  heat  treatment  received  was  unifomi. 
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Results.  The  trials  are  arranged  on  the  boards  in  the 
same  order  as  on  the  tables  of  data ;  the  moisture  content  of  the 
glaze  increases  in  a  horizontal  direction  from  left  to  right  fol- 
lowing the  letters  A  to  H,  the  porosity  of  the  body  varies  in  a 
vertical  direction,  decreasing  from  the  top  to  the  bottom  follow- 
ing the  numbers  i  to  lo. 

In  glaze  I,  trials  within  the  area  A-i,  A-5,  G-i,  and  G-5,  (a 
porosity  range  of  23  to  31  percent  and  a  range  of  moisture  con- 
tent of  65  percent  to  104  percent)  have  the  tendency  to  crawl. 
In  some  cases  the  white  tile  shows  between  glaze  sections,  m 
other  cases  this  tendency  is  shown  by  hummocks  and  depressions 
of  the  glaze  surface,  and  the  drying  cracks  are  not  well  fused 
over.  A  comparatively  narrow  field  extending  from  A-6,  A-7, 
and  A-8,  across  the  series  to  H-5,  H-6,  and  H-7  (pOrosity  18 
to  23  percent,  moisture  65  to  105  percent)  contains  with  a  few 
exceptions  the  desirably  marked  smooth  mat  glazes.  Below  this 
field  the  marking  decreases  leaving  glazes  flat  in  appearance,  lack- 
ing the  character  and  attractiveness  of  the  well  marked  glazes. 

Trial  A-i  with  the  body  having  a  porosity  of  30.65  percent 
and  the  glaze  having  a  moisture  content  of  65  percent,  has  0.342 
gms.  of  fused  glaze  per  sq.  cm.  H-i,  with  the  body  having  a 
porosity  of  29.75  percent,  and  the  glaze  a  moisture  content  of 
105  percent  has  O.109  gms.  of  fused  glaze  per  sq.  cm.  The  de- 
crease between  these  two  limits  is  not  uniform,  the  greatest  de- 
crease coming  between  a  moisture  content  of  65  percent  and  that 
of  69  percent.  In  the  vertical  direction  the  decrease  is  more 
uniform.  A- 10  with  porosity  of  body  at  14.73  percent  and 
moisture  content  of  glaze  at  65  percent  has  0.162  gms.  of  fused 
glaze  per  sq.  cm.  The  fourth  corner  H-io,  porosity  of  body 
15.70  percent,  moisture  content  of  glaze  105  percent,  has  o.o69_ 
gms.  of  fused  glaze  per  sq.  cm. 

Arranging  the  trials  in  the  order  of  their  weight  of  glaze 
per  unit  area,  regardless  of  the  porosity  of  the  body  or  moisture 
content  of  the  glaze,  gave  a  surprisingly  uniform  range,  the  glazes 
dividing  themselves  into  three  groups;  ist,  those  having  a 
tendency  to  crawl  and  having  an  irregular  surface  had  a  weight 
of  glaze  per  sq.  cm.  of  .  136  grams  or  over,  2nd,  smooth  well 
marked  mats   with    the   drving  cracks   healed   had   a   weight   of 
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glaze  per  sq.  cm.  of  from  o.  loo  gram  to  o.  135  gram;  3rd,  those 
deficient  in  marking  and  of  smooth  surface,  below  o.ioo  gram 
per  sq.  cm.'  There  were  a  few  exceptions  to  this  grouping,  some 
of  the  pieces  which  were  taken  from  round  tile  made  on  the  9 
in.  and  6  in.  diameter  dies  were  much  denser  in  the  center  than 
on  the  outside  edge.  Therefore  the  porosity  for  these  pieces  is 
only  an  average,  and  also  the  weight  of  glaze  per  unit  area  is 
only  an  average.  These  tile  in  a  number  of  cases  show  a  crawled 
texture  at  the  edge  and  smoothness  on  the  denser  part  of  the 
tile  at  the  center. 

Glaze  II  as  a  whole  has  not  received  sufficient  heat  treat- 
m.ent  for  its  best  development.  For  this  reason  there  are  no 
trials  in  which  the  drying  cracks  are  thoroughly  healed.  Trials 
H-2,  3,  4,  and  5,  and  A-6,  most  nearly  approach  this  condition. 
A-6  seems  out  of  place  in  this  respect,  and  I  can  only  account 
for  it  by  assuming  an  error  either  in  the  porosity  determination 
or  in  the  weight  of  the  biscuit  tile. 

The  limits  observed  in  this  glaze  are  approximately  the 
same  as  those  reported  for  Glaze  I. 

In  arranging  these  trials  according  to  weight  of  glaze  per 
unit  area,  there  were  only  two  groups;  ist,  the  group  of  crawl- 
ing and  unfused  drying  cracks,  and  2nd,  the  group  of  little  or 
no  drying  marking.  The  dividing  line  between  the  two. groups 
was  approximately  at  o.ioo  gram  per  sq.  cm.  checking  the 
lower  limit  observed  in  Glaze  I. 

Glaze  III  is  in  many  ways  the  most  pleasing  of  the  three 
glazes.  In  no  case  did  the  tendency  to  crawl  become  so  marked 
as  to  show  the  tile  between  the  glaze  sections,  and  a  very  good 
range  of  mat  textures  is  shown.  The  field  of  unfused  drying 
cracks  runs  approximately  diagonally  across  the  upper  left  corner 
from  trial  A-6  to  H-i. 

The  area  of  unmarked  glazes  is  small  and  located  at  the 
lower  right  corner  extending  from  E-io  to  H-8.  The  large  field 
between  these  two  areas  mentioned  contains  smooth  desirable 
mats  with  the  veining  from  the  healed  drying  cracks  differing 
only  in  the  quantity  of  the  marking. 

Arranging  this  series  in  the  order  of  unit  weight  of  glaze 
per  sq.  cm.  the  three  groups  are  divided  as  follows;   ist,  those 
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ha\iii,t;  drying  cracks  unfuscd  have  a  weight  of  glaze  of  0.139 
^[•rams  per  sq.  cm.  or  over ;  2nd,  those  of  desirable  texture  hav- 
ing well  fused  veining  from  the  drying  cracks  have  a  range  of 
glaze  weight  from  .100  to  .139  grams  per  sq.  cm.;  3rd,  those 
having  little  or  no  marking  from  drying  cracks,  have  less  than 
.  100  grams  per  sq.  cm. 

The  upper  limit  of  desirable  glazes  was  quite  closely  de- 
fined; for  five  trials  having  a  unit  weight  of  0.139  g"!*-  three 
were  classed  as  desirable  and  two  in  the  class  of  the  too  heavily 
dipped  mats. 

In  any  work  in  which  the  jiersonal  element  of  the  worker 
affects  the  results,  mathematical  statements  or  deductions  are 
only  posible  when  a  sufficiently  large  number  of  observations 
have  Ijeen  made  to  insure  a  correct  average.  With  the  limited 
work  of  this  paper,  it  is  not  justifiable  to  attempt  to  do  this ;  but 
in  studying  the  relative  effects  of  the  porosity  of  the  body  and 
the  moisture  content  of  the  glaze  in  their  effect  on  mat  glaze 
texture  through  the  control  of  the  weight  of  glaze  per  unit  area, 
it  iray  he  interesting  to  plot  a  few  curves  from  the  figures  ob- 
tair.el.  f'lotting  porosity  of  the  body  against  weight  of  glaze 
per  unit  area  is  shown  in  Fig.  i  for  the  various  moisture  con- 
tents of  the  three  glazes.  Moisture  contents  against  weight  of 
glaze  per  unit  area  for  approximately  constant  porosities  of  the 
body  is  shown  for  the  three  glazes  in  Fig.  2.  These  are  only 
average  curves  as  due  to  the  natural  variations,  it  was  impossible 
to  follow  the  points  closely.  These  curves  can  not  be  considered 
as  absolute  in  their  values,  but  merely  as  illustrative  of  the  rela- 
tive effect  of  the  two  \ariables  in  controlling  the  weight  of  glaze 
per  unit  area. 

Conclusions.  Tiic  weight  of  glaze  per  unit  area  is  the 
determining  factor  in  the  control  of  mat  texture.  The  limits 
observed  in  this  |)aper  for  the  three  glazes  investigated  were  that 
desirable  effects  could  be  obtained  with  a  weight  of  from  .  100 
to  .135  grams  per  sq.  cm.  How  wide  an  application  these  figures 
may  have,  remains  for  further  investigation. 

No  effect  of  the  porosity  of  the  body  and  moisture  content 
of  the  glaze,  other  than  in  the  control  of  the  weight  of  glaze  per 
unit  area,  could  be  observed. 
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The  attempt  to  regulate  the  amount  of  glaze  by  estimating 
the  thickness  of  glaze  to  one-eighth  or  one-tenth  of  an  inch  is 
not  sufficiently  accurate  to  secure  uniform  results,  where  the 
porosity  of  the  body  varies. 

Uniform  results  may  be  expected  over  a  fairly  wide  range 
of  porosity,  if  the  weight  of  glaze  per  unit  area  is  controlled. 

-Acknowledgment  is  made  to  Mr.  F.  W.  Walker,  Jr.,  and 
Mr.  E.  G.  Kerr  for  the  use  of  the  trials  and  data  from  tlieir  ex- 
periments. 
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b  = 
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Moisture  content 
Percent  porosity 
Weight  of  fused 


of  glaze  in  percent  of 

of  the  body. 

glaze  in  grams  per  sq. 


the  dry  weight, 
cm.  of  tile  surface. 
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TABLE    II  —  DATA  — GLAZE   II. 


^ 

" 

c 

D 

^     . 

^ 

c 

" 

A 

56 

6s 

72 

80 

83 

91 

100 

IIU 

1 

b. 
c. 

30.70 
.305 

29.15 
.251 

29.98 
.182 

28.60 
.165 

28.39 
.141 

30.39 
.163 

29.65 
.175 

29.02 
.184 

2 

b. 
c. 

28.81 
.241 

27.82 
.192 

28.48 
.204 

28.21 
.184 

28.30 
.137 

28.25 
.171 

28.25 
.177 

28.72' 
.170 

3 

b. 
c. 

27.25 
.2()0 

27.25 
.209 

27.35 
.195 

27.00 
.161 

26.45 
.152 

26.61 
.162 

26.85 
.141 

26.61 
.146 

4 

b. 
c. 

24.05 
.245 

24.05 
.170 

24.05 
.133 

25.00 
.128 

25.05 
.125 

25.25 
.143 

24.45 
.134 

25.32 
.145 

5 

b. 
c. 

23.75 
.222 

23.48 
.154 

23.05 
.130 

23.60 
.116 

23.65 
.137 

23.64 
.142 

22.52 
.115 

22.78 
.106 

6 

b. 
c. 

21.80 
.216 

21.40 
.191 

21.60 
.127 

22.20 
.117 

21.70 
.132 

21.60 
.126 

21.65 
.146 

21.46 
.115 

7 

b. 

c. 

20.70 
.177 

20.75 
.123 

21.00 
.095 

20.90 

.077 

20.75 
.117 

20.78 
.103 

20.65 
.115 

20.55 
.085 

8 

b. 

c. 

18.18 
.145 

19.50 
.138 

19.27 
.078 

18.90 
.105 

18.55 
.109 

18.90 
.098 

19.03 
.097 

18.60 
.086 

9 

b. 

c. 

17.70 
.203 

17.55 
.122 

17.24 
.081 

17.36 
.097 

17.00 
.105 

16.99 
.096 

17.57 
.115 

17.73 

.107 

10 

b. 
c. 

15.50 
.150 

15.35 
.080 

16.02 
.077 

15.20 
.088 

15.05 
.087 

15.13 
.068 

15.66 
.086 

15.51 
.080 

a  =  Moisture  content  of  glaze  in  percent  of  the  dry  weight. 

b  =  Percent  porosity  of  the  body. 

c  =  Weight  of  fused  glaze  in  grams  per  sq.  cm.  of  tile  surface. 
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TABLE    rri  — DATA  — GLAZE    III. 


* 

= 

c 

^ 

= 

H 

a 

60 

69 

78 

88 

92 

97 

111 

l-'5 

1 

b. 
c. 

28.89 
.250 

31.41 
.232 

29.75 
.142 

29.30 
.148 

30.55 
.181 

30.10 
.163 

29.79 
.149 

28.50 
.155 

2 

b. 
c. 

27.75 
.242 

27.80 
.170 

27.95 

.181 

27.72 
.131 

27.75 
.130 

27.70 
.153 

27.58 
.140 

27.65 
.136 

3 

b. 
c. 

26.48 
.245 

27.35 
.163 

26.55 
.162 

26.50 
.130 

26.28 
.139 

26.85 
.175 

26.55 
.131 

26.52 
.136 

4 

b. 

c. 

25.62 
.224 

24.95 
.161 

25.90 
.163 

25.59 
.113 

25.78 
.147 

25.65 
.173 

25.87 
.129 

25.65 
.131 

5 

b. 
c. 

22.98 
.199 

22.59 
.148 

22.71 
.126 

22.95 
.105 

22.38 
.129 

22.92 
.141 

23.38 
.159 

23.84 
.168 

6 

b. 
c. 

21.38 
.211 

21.18 
.139 

21.30 
.132 

21.70 
.139 

22.70 
.139 

22.80 
.139 

22.10 
.124 

20.96 
.135 

7 

b. 

c. 

20.75 
.134 

20.85 
.111 

21.00 
.101 

19.90 
.134 

20.24 
.097 

19.87 
.104 

20.42 
.142 

20.78 
.121 

8 

b. 
c. 

18.51 
.151 

18.73 
.103 

18.30 
.099 

18.90 
.110 

18.70     19.28 
.095     1   .096 

18.98 
.116 

18.36 
.104 

9 

b. 
c. 

17.82 
.1.59 

17.51 
.115 

17.29 
.088 

17.39 
.111 

17.17  1  16.63 
.074     1   .095 

16.53 
.113 

16.75 
.004 

10 

b. 

c. 

15.67 
.142 

15.57 
.088 

16.28 

.072 

16.30 
.100 

17.00     16.48 
.066        .112 

1 

17.01 
.093 

16.02 
.096 

a  =  Moisture  content  of  glaze  in  percent  of  tbe  dry  weight. 

b  ;=  Percent  porosity  of  the  body. 

c  =  Weight  of  fused  glaze  in  grams  per  sq.  cm.  of  tile  surface. 

DISCUSSION 
Mr.  Pence:  I  have  been  very  much  interested  in  the  presen- 
tation of  this  data.  It  is  simply  a  technical  statement  of  what 
is  the  common  experience  of  tile  manufacturers  in  the  applica- 
tion of  mat  glazes.  Where  there  is  a  tendency  of  the  mat  glaze 
because  of  its  particular  type  to  crawl  or  separate  or  develop 
these  drying  cracks,  it  is  the  common  experience  that  the  heavier 
or  the   thi'l  er   t"..e   sj'aze   is   applied  upon   the   tile,   the  greater 
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that  teiuiency  will  be.  There  are  some  types  of  mat  glazes 
which  must  necessarily  he  kept  thin  in  order  to  reduce  or  avoid 
this  development,  while  others  will  heal  to  a  smooth  surface 
even  when  applied  thick.  Of  course  it  is  also  possible  to  use 
adhesive  agents  in  the  glaze  to  overcome  the  tendency. 


A     STUDY     OF    THE    PHYSICAL    AND     CHEMICAL 

PROPERTIES  OF  THREE  COMPOUNDS  OF 

LEAD  AND  THEIR  USE  IN  RAW 

LEAD  GLAZES 

BV  F.   A.    MORGAN. 

The  fact  that  Htharge  or  the  yellow  oxide  of  lead  has  been 
so  satisfactory  as  a  source  of  lead  for  glass.  e;iamels  and  frits 
suggested  that  it  could  also  be  used  in  raw  lead  glazes. 

The  fact  that  it  had  long  been  used  by  the  manufacturers  of 
yellow  ware  tended  to  prove  that  it  was  entirely  satisfactory  in 
the  dipping  tub,  and  work  done  on  its  more  extensive  use  proves 
the  resulting  glazes  to  be  identical  with  those  from  white  lead. 

In  Vol.  XVII  of  the  transactions  in  a  paper  on  "Lead  Oxide 
Versus  Lead  Carbonate"  Professor  Watts  pointed  out  the  saving 
effected  by  the  use  of  the  oxides  owing  to  their  greater  content 
of  lead  oxide.  The  use  of  the  oxide  offers  an  economy  which 
cannot  be  overlooked  by  the  users  of  raw  lead  glazes.  The  fol- 
lowing table  illustrates  this  point : 


pbo 

11 

percent 

Yellow  lead. 

100.00 

None 

Red   lead.... 

PT.fiC 

2.. 34  percent  O.xygen 

White   lead.. 

8fi.30 

13.7     percent  CO-,  and  H=0 

$10.00        $10.00 
10.50  10.7.5 

9.25  10.70 

Prof.  Watts  found  the  resulting  gbzes  practically  the  same 
whether  tl"e  oxides  or  white  lead  was  used. 

In  the  discussion  that  followed  several  doubtful  points  were 
brought  out,  and  on  these  specific  information  has  been  obtained. 
Among  these  doubtful  points  were  the  relative  settling  or  sus- 
pension properties,  purity,  fluxing  and  volatilization. 

The  fumed  oxides  were  compared  with  white  lead  and  the 
most  important  physical  and  chemical  properties  were : 
(■4-12) 
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PHYSICiM,: 


^ClilC 

WT.   PER  CU.   IN. 

THRU  200 

GR. 

SCOTT  VOLUMETER 

MESH. 

SETTLING 

percent 

8.98 

11  gm 

98.63 

20 

8.52 

10  gm 

98.99 

8 

7.14 

17.0  gm 

98.32 

32 

METALLIC 

COPPER                 IRON 

SULPHUR 

CA 

RBON 

siOs 

Trace 

0.002          0.005 

Trace 

T 

race 

0.14 

None 

0.002          0.005 

Trace 

N 

one 

0.16 

0.15% 

0.0018        0.004 

None 

T 

race 

0.12 

Fumed  yellow  oxide. 
Fumed  red  oxide. . . . 
White  lead   


CHEMICAL: 

Fumed  yellow  oxide 

Fumed  red  oxide None 

White  lead  0 .  15% 


The  weight  per  cubic  inch  was  obtained  by  Scott's  volumeter 
and  is  an  approximate  measure  of  fineness ;  the  lower  the  weight 
per  cubic  inch  the  finer  the  material.  Thus  altho  the  white  lead 
has  a  lower  specific  gravity,  it  weights  more  per  cubic  inch,  which 
shows  it  is  not  so  finely  divided  as  the  oxides  : 

The  settling  numbers  above  refer  to  the  number  of  cc.  each 
had  settled  when  suspended  in  water  in  a  lOO  cc.  graduated  cylin- 
der.   This  is  shown  by  Figure  i. 

The  following  glaze  given  by  Professor  Watts  was  made 
up  by  using  the  three  products  in  the  proportion  of  PbO  con- 
tent : 

Soft  Raw  Lead  Glaze  : 


o.6o  PbU^ 

o.  lo  K.,0  I  . ,  ,-^ 

,,-      ^0.15  AUO3 

0.15  LaO  [         D      ~    3 

0.15  ZnO  J 


1.5  SiO, 


In  number  one  48.23  parts  of  yellow  oxide  were  used. 
In  number  two  49.38  parts  of  red  oxide  were  used. 
In  number  three  55.85  parts  of  white  lead  were  used. 
The  balance  of  the  batch  was  in  each  case  as  follows : 

Potash   feldspar    20.04 

Whiting    5 .  40 

Zinc  oxide    '4-38 

China    clay    4-65 

Flint    17-30 
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Tlie  folloviing  glaze  of  a  specific  gravity  of  1.5  was  pro- 
duced : 

WEIGHT 
QUANTITY  SETTLING  VISCOSITY  ADHERING 

TO  TILE 

With   yellow  oxide 1190  cc.  30  28   (cc.)         4.00  gm 

With  red  oxide 120")  cc.  32  33   (cc.)         3.50  gm 

With  wliite  lead 1230  cc.  20.")  (I-l   (cc.)         2.40  gm 

The  greater  quantity  of  the  white-lead  glaze  is  accounted  for 
by  the  additional  quantity  of  white  lead  necessary  (about  14  per- 
cent more  by  weight  than  of  the  oxide)  to  get  equal  amounts  of 
PbC)  present. 

The  settling  represents  the  numljer  of  ccof  settling  in  each 
glaze  in  a  300  cc.  graduated  cylinder.  This  is  illustrated  bv  Fig- 
ures 2  and  3. 

The  viscosity  was  obtained  by  using  a  standard  viscosimeter. 
The  greater  viscosity  of  the  oxide  glazes  was  due  to  the  greater 
fineness  of  these  products.  The  influence  of  this  factor  on  the 
dipping  properties  of  a  glaze  is  shown  by  the  weights  of  glaze 
adhering  to  the  tile  which  otherwise  were  treated  exactly  the 
same. 

From  this  it  can  be  seen  that  the  glazes  must  be  adjusted  on 
a  different  basis  than  volume  weight.  Therefore,  the  three  types 
of  glazes  were  adjusted  to  equal  viscosity: 

SPECIFIC  WEIGHT 

\TSCflsITY  GRAVITY  ADHERING 

CC.  grams 

Yellow  oxide  glaze 64  1.345  2.2 

Red  oxide  glaze (34  1.323  2.1 

White  lead  glaze 04  1.50  2.4 

This  proved  a  better  standard  for  obtaining  like-dipping  re- 
sults than  the  volume  weight  standard. 

A  series  of  tile  were  dipped  and  fired,  withdrawals  being 
made  at  440°C.  and  840°C.  to  observe  the  action  before  fu- 
sion. 

At  440°  the  white  lead  glaze  was  not  distinguishable  from 
the  yellow  oxide  glaze,  for  the  former  glaze  had  turned  to  a 
yellow  color  showing  complete  dissociation  of  the  white  lead 
into  carbon  dioxide  gas,  water  and  the  yellow  oxide.  The  red 
oxide  glaze  was  apparently   unchanged.. 
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To  ascertain  the  exact  temperature  of  the  above  dissocia- 
tion of  the  white  lead,  determinations  were  made  and  this  point 
established  at  420°C. 

From  420°  on  it  was  assumed  the  action  would  be  identi- 
cal as  the  glazes  had  now  virtually  become  equivalent. 

At  840°  the  glazes  were  evidently  in  the  midst  of  the  boil- 
ing period,  for  when  withdrawn  and  cooled,  the  glazes  had  the 
appearance  of  hardened  foam ;  being  very  porous  and  present- 
ing a  very  uneven  surface. 

Series  of  tile  were  weighed  before  and  after  firing,  and 
showed  the  following  losses  :  — 

percent 

Yellow    oxide    glaze    4.7 

Red  oxide  glaze  5.0 

White  lead  glaze  10. o 

This  loss  is  percent  of  weight  of  dry  glaze  lost  during  fir- 
ing to  cone  02.  It  represents  not  only  volatilization,  but  loss 
from  dehydration  and  escape  of  gases. 

From  the  foregoing  study,  it  was  concluded : 

That  the  oxides  are  equal  in  purity  to  white  lead. 

Thit  altho  the  fumed  oxides  have  a  higher  specific  gravity 
they  have  greatly  superior  suspension  properties  due  to  their 
greater  fineness. 

That  in  substituting  these  oxides  for  white  lead,  an  adjust- 
ment is  necessar}'  in  the  viscosity  of  the  glaze. 

That  in  the  unfired  condition  the  oxide  glazes  have  a  much 
harder  surface,  hence  they  do  not   dust  so  badly. 

That  the  oxides  efifect  a  savins:  due  to  their  greater  con- 
tent of  lead  oxide. 

That  in  the  physical  behavior  of  these  oxides  there  is 
nothing  to  prevent  their  substitution   for  white  lead. 

That  when  the  oxides  are  used  to  replace  white  lead,  the 
resulting  glaze  will  be  the  same,  [irovided  equivalents  of  PbO 
are  present. 


THE    DEVELOPMENT    OF    CERAMIC    DECORATIVE 
PROCESSES 

BY   FREDERICK    11.    RHEAD 

The  development  of  ceramic  decorative  processes  is  a 
subject  almost  entirely  neglected  by  present-day  ceramists. 
Such  neglect  is  not  due  to  the  non-progressiveness  of  the  scien- 
tifically inclined  potter,  nor  to  lack  of  skilled  craftsmen.  The 
fact  is,  the  field  of  the  ceramist  is  such  a  vast  one  that  it  is 
impossible  to  conceive  of  its  being  covered  even  in  the  most 
elementary  fashion  in  a  thousand  years  from  now.  In  the  four 
thousand  years  or  so  in  which  the  potter  has  been  quite  active, 
enough  has  been  accomplished  to  show  the  possibilities  yet  to 
be  realized  when  the  present  trend  towards  scientific  research 
has  seriously  commenced  to  bear  fruit. 

The  development  of  any  art  is  a  curious  phenomenon.  It 
is  so  personal  and  human.  There  is  little  that  is  consistent  or 
mechanical  or  even  scientific  about  it.  There  is  no  formula 
for  art,  it  cannot  be  manufactured.  It  is  of  no  country  nor 
nationality.  It  appears,  spontaneously  to  all  peoples,  reaches 
a  high  degree  of  development  and  declines. 

In  ceramic  work,  from  the  very  first  manipulations  in 
plastic  earth  and  their  subjection  to  crudely  applied  heat  to  the 
present  day  processes  where  scores  of  elaborately  prepared  ma- 
terials are  used  in  a  great  variety  of  ways,  the  type  of  ware  pro- 
duced by  the  potter  has  been  limited  not  so  much  by  his  skill 
or  ingenuity  as  by  his  available  natural  resources,  his  supplies 
of  earths  for  bodies,  and  of  metals,  quartzes  and  alkalies  for 
stains  and  glazes. 

The  discovery  of  the  plastic  properties  of  clay  led  to  the 
production  of  molded  forms  which  were  developed  and  dec- 
orated according  to  the  known  means  at  hand.  The  color  of 
the  clay  determined  the  color  of  the  finished  product.  In  the 
beginning,  there  was  no  choice  of  materials  or  process.  The 
shapes  were  regulated  by  the  needs  of  the  primitives ;  the  dec- 

(MiO 


450     DEVELOPMENT  OF  CERAMIC  DECORATIVE  PROCESSES 

orations  were  their  whimsical  conceptions  of  the  sun,  moon, 
stars,  natural  forms  and  motifs  symbolical  of  their  fears  or 
superstitions.  The  methods  of  depicting  such  ornamentation 
were  very  definitely  determined  by  the  means  at  hand.  When 
the  clay  of  which  the  pot  was  made  was  the  only  available  ma- 
terial, the  decoration  was  scratched  on  the  surface  with  a  stick, 
or  crudely  modeled.  When  other  colored  clays  were  discov- 
ered, these  were  used  as  stains  for  ornamentation,  alone,  as 
painting,  and  together  with  the  incised  or  relief  decorations. 
This  was  the  first  step  in  the  development  of  the  decorative 
processes. 

It  is  very  definite  that  the  primitive  potteries  of  all  coun- 
tries were  identical  in  process  and  arrangement  of  decoration. 
The  only  difference  in  appearance  was  due  to  the  color  of  clay 
used,  and  the  type  of  heat  applied. 

It  is  only  when  the  materials  peculiar  to  each  country  are 
discovered  and  used  that  the  technique  and  methods  of  the 
potter  begin  to  vary  and  definite  historical  types  are  established. 

The  Chinese  discovered  and  developed  their  porcelain 
clays.  The  Italians  discovered  first  the  terra-cottas  (elabora- 
tions of  the  early  clay  processes)  and  later  their  tin  enamel 
processes.  The  Europeans  developed  the  white  earthenwares, 
and  the  stoneware  (coarse  opaque  earthenware)  using  lead  and 
salt  glazes.  As  each  country  became  familiar  with  the  work 
of  the  others,  learning  of  new  materials,  and  strange  and  won- 
derful results,  search  was  made  for  these  materials,  and  when 
they  could  not  be  found,  the  effects  desired  were  obtained  in 
other  ways.  Those  countries  that  were  most  successful  in  the 
development  of  the  art  influenced  the  potters  of  other  coun- 
tries, not  only  in  process  but  in  style  of  decoration.  When  the 
Europeans  could  not  find  kaolins,  and  were  consequently  un- 
able to  make  porcelains,  they  covered  their  coarse  earthenware 
clays  with  white  opaque  enamel,  painting  actual  copies  or  imi- 
tations of  Chinese  decorations  over  this.  With  the  exception 
of  the  Italian  painted  decorations,  the  Oriental  influence  prac- 
tically dominated  the  European  potter.  From  time  to  time, 
however,   the  natural  decorative   instinct  of  the  peasant  potter 
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would  assert  itself,  and  the  influence  of  native  artists  would  be 
felt  and  expressed. 

The  potters,  drawn  by  the  fascinations  and  inspired  by 
the  possibilities  of  the  work,  discovered  new  materials,  and 
developed  and  elaborated  the  methods  and  processes,  but  the 
development  has  never  been  continuous  nor  consistent.  All  the 
great  historical  types  have  been  produced  within  a  compara- 
tively short  period,  appearing,  reaching  the  highest  point  of 
development  and  declining  within  from  one  hundred  to  four 
hundred  years. 

In  modern  work,  the  commercial  spirit  has  gradually 
taken  possession,  and  now  dominates  the  production.  The  ar- 
tist potter  is  almost  eliminated,  replaced  by  the  scientist  en- 
gaged in  research  who  is  studying,  analyzing  and  standardizing 
available  materials  and  methods.  It  was  necessary  and  in- 
evitable that  the  scientist  should  take  the  helm.  The  artist  had 
elaborated  the  processes  until  he  was  no  longer  master  of  his 
medium. 

Today  the  technical  societies  are  the  strongest  force  work- 
ing for  the  benefit  of  the  ceramist,  but  they  are  working  inde- 
pendently, and  almost  to  the  complete  isolation  of  the  artist 
and  even  the  practical  potter.  In  ceramics,  science  is  entitled 
to  neither  first  nor  second  place.  The  mechanical  brain  of  the 
potter,  the  common  sense  of  the  artist  and  the  practical  man 
have  developed  the  field.  But  the  scientist,  in  coming  to  the 
rescue  of  the  craftsman,  has  become  absorbed  in  his  problems, 
and  he  has  forgotten  that  it  is  the  craftsman  who  has  shown 
him  the  possibilities  of  the  work,  and  he  is  apparentlv  oblivious 
of  the  fact  that,  unless  he  works  in  co-oi)eration  with  the  artist, 
there  can  be  no  further  development  of  the  art. 

These  remarks  are  made  advisedly,  with  some  knowledge 
of  past  and  present  conditions,  but  with  no  reference  to  any 
particular  field  of  work.  While  the  technical  societies  are  the 
most  highly  developed  ceramic  organizations,  they  are  at  pres- 
ent little  more  than  associations  of  earnest  and  sincere  work- 
ers engaged  in  cosmopolitan  and  disconnected  research  for  the 
benefit  of  each  other  rather  than  for  the  enlightenment  and 
convenience  of  the  artist  and  practical  potter. 
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Compare  such  organizations  with  a  society  composed  of 
committees,  each  one  dealing  systematically,  consistently,  and 
individually  with  such  problems  as  kiln  construction,  fuels, 
kiln  temperatures  and  atmospheric  conditions,  porcelain  clays, 
opaque  clays,  refractories,  stains,  glazes  and  enamels,  to 
crudely  specify  a  few  general  branches  of  the  work.  When  one 
considers  the  vastness  of  such  an  undertaking,  and  then  realizes 
that  the  decorative  and  practical  processes  have  yet  to  be  dealt 
with,  the  imagination  balks  at  the  possible  existence  of  an  or- 
ganization adequately  dealing  with  the  subject. 

It  is  inevitable  that  the  scientist  take  in  the  artist,  if  the 
possibilities  are  to  be  further  realized,  if  we  are  to  engage  the 
co-operation  of  the  craftsman  of  note.  It  is  not  in  the  least 
essential  that  an  artist  interested  in  ceramics  should  take  a  four 
years'  course  in  ceramic  engineering  before  he  is  able  to  execute 
a  decorative  panel,  a  frieze  in  underglaze  colors  over  tin  enamel, 
or  a  figure  subject  in  colored  slips,  but  it  is  essential  that  the 
processes  be  scientifically  arranged  and  prepared.  On  rare  oc- 
casions an  artist  has  appeared  who  has  mastered  his  particular 
processes.  The  difficulties  he  encountered  in  overcoming  the 
most  elementary  obstacles  are  well  enough  known  to  every 
ceramist. 

We  have  one  American  potter.  Mrs.  Robineau.  who  has 
produced  works  which  rank  with  any  other  pottery  of  any  [le- 
riod.  The  inspiration  for  her  work  was  a  book  on  porcelain 
making  by  Taxile  Doat  of  Sevres.  If  this  book  had  been 
written  in  technical  language  for  technical  people,  the  Robineau 
porcelains  would  never  have  appeared.  The  influence  result- 
ing from  a  practical  and  understandable  exposition  of  the 
technical  man's  work,  and  his  co-operation  with  the  artist  needs 
no  further  discussion  here.  We  have  the  best  technical  and 
scientific  minds  in  the  country  engaged  in  ceramic  work  while 
artistically  the  modern  pottery  is  a  nonentity. 


A    DEFORMATION    STUDY     OF    MgO  —  ALO^  — SiO, 
MIXTURES 

BY    ARTHUR   S.    WATTS 

The  work  presented  last  year  showed  the  possibility  of 
lowering  the  temperature  of  maturity  of  Bristol  glaze  mixtures 
much  below  that  at  which  they  are  ordinarily  used.  The  prac- 
tice of  confining  the  Bristol  glaze  fluxes  to  K^O,  CaO  and  ZnO 
is  almost  universal.  There  are.  however,  other  alkaline  earth 
fluxes  which  properly  belong  to  this  class  of  glazes  and  chief 
among  these  are  magnesium  oxide  and  barium  oxide.  These 
fluxes  have  been  employed  in  small  quantity  in  porcelain  glazes 
and  have  made  a  marked  improvement  in  the  product.  The 
chief  reason  for  not  introducing  them  into  lower-fire  glazes  was 
the  fact  that  their  fusion  temperature  in  AljOj-SiOo  mixtures 
has  been  considered  too  high  to  make  their  use  practical.  The 
most  fusible  ZnO-AljOj-SiOo  mixture  was  found  to  deform 
at  cone  13,  and  this  mixture  was  very  active  as  a  third  com- 
ponent in  lowering  the  temperature  of  fusion  of  KoO-CaO- 
ALOj-SiO,  mixtures.  It  was,  therefore,  considered  advisable 
to  investigate  the  deformation  temperature  of  other  aluminium 
silicate  mixtures.  Every  glaze  maker  knows  that  with  increase 
in  the  number  of  bases  introduced,  a  rapid  decrease  in  viscosity 
and  temperature  of  fusion  is  apparent.  For  this  reason  nearly 
every  commercial  glaze  contains  exceedingly  small  amounts  of 
one  or  more  fluxes,  the  quantity  added  being  apparently  negligible 
but  claimed  by  the  maker  to  be  very  potent  in  improving  the 
product.  The  question  arises  whether  it  is  possible  to  improve 
our  Bristol  glaze,  or  lower  its  maturing  temperature,  or  in- 
crease its  range  of  adaptability,  hv  adding  other  aluminium 
silicates  than  those  ordinarily  employed  but  without  entering 
the  field  of  bases  belonging  to  the  very  soft  glazes.  With  this 
end  in  view,  the  following  investigation  was  undertaken.  The 
object  first  sought  was  the  most  fusible  mixture  of  MgO-AUO,- 
(4.53) 
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SiO,  using  as  the  sources  of  these  elements  MgCOj,  kaoHn  and 
flint. 

The  MgC03  and  flint  were  practically  pure.  The  AUO3 
was  introduced  as  English  china  clay  having  the  following 
chemical   composition  : 

Comb.     HjO    13-30 

SiO,    46.52 

AU63    38.40 

FcoOj   0.21 

TiOj    0.04 

CaO    trace 

MgO    trace 

KNaO    1.36 

99-83 

The  object  being  to  confine  our  study  to  mixtures  contain- 
ing AUO3  introduced  from  kaolin,  the  series  was  limited  by  the 
AUOg-SiOo  ratio  occurring  in  kaolin,  and  that  proportion  is 
indicated  upon  the  triaxial  diagram  representing  the  series 
studied. 

The  mixtures  indicated  were  thoroly  mixed  in  plastic  form 
to  a  state  of  thoro  homogeneity  and  made  into  cones  of  the  same 
size  as  standard  pyrometric  cones.  The  addition  of  a  little  dex- 
trine was  resorted  to  as  those  mixtures  high  in  MgCOj  are 
very  weak  even  tho  containing  some  clay. 

The  cones  were  placed  in  plaques  containing  about  ten 
each,  and  standard  pyrometric  cones  and  a  recording  pyro- 
meter were  used  to  check  temperature  and  the  rate  of  tem- 
perature increase.  The  burn  was  conducted  in  a  horizontal 
draft,  gas-fired  kiln  equipped  with  a  brick  muffle  to  protect  the 
test  cones  from  direct  contact  with  the  flames,  and  combustion 
gases. 

The  Burn.  A  rise  in  temperature  of  about  75°  C.  per 
hour  was  maintained  until  about  1150°  C.  was  reached.  The 
rate  of  increase  was  then  reduced  to  about  40°  C.  per  hour 
until  1300°  C.  was  reached.  Above  this  the  rate  of  increase 
was  about  20°  per  hour. 
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Results.  At  cone  S  down,  those  mixtures  containing  40 
percent  or  less  SiO^  began  to  curl  forward,  and  this  was  at  first 
mistaken  for  deformation.  After  they  had  deformed  about 
one-third,  however,  they  showed  no  tendency  to  progress 
further.  When  cone  10  temperature  was  reached  a  [jronounced 
shrinking  of  certain  members  of  the  series  was  noticed,  and 
by  consulting  the  triaxial  diagram  these  were  found  to  be 
within  the  following  general  limits :  35  percent  or  more  MgO, 
10  percent  or  more  AUO.,,  and  30  percent  or  more  SiO,.     As 


T/r^iJvs  ^*f  Cs/!"  Sat:  t^i  ■f/^ 


M^O  -^^Oj  -S/4P^  Jf/f/fS 


the  temperature  increased,  the  shrinkage  increased  until  the 
cones  containing  45  jjercent  or  more  MgO  were  less  than  one- 
half  their  original  size.  .\t  the  temperature  of  cone  13  started, 
the  burn  was  stopped  and  the  kiln  allowed  to  cool.  The  mix- 
tures containing  5  to  15  percent  .-MoO.,,  35  to  50  percent  MgO 
and  45  to  60  percent  SiO,  were  found  to  be  highly  translucent 
and  to  show  no  trace  of  warping.  The  range  of  compositions 
showing  the  greatest  translucency  is  traced  in  Fig.  i  upon 
connecting  tuunbers  17,  2'^.  48  and  45. 
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Another  burn  was  conducted  to  determine  the  order  of 
deformation  of  the  mixtures.  The  process  was  the  same  as  in 
the  previous  burn.  When  cone  12  was  just  down,  mixture  No. 
20  deformed  very  rapidly.  It  has  the  composition  20  percent 
MgO-20  percent  AI2O3-60  percent  SiOa  —  MgO-. 392  ALO.,-2.o 
Si<  )„.  A  slight  increase  of  temperature  caused  the  deformation 
of  mixture  Mo.  19  having  the  composition  25  MgO-15  AUOo-60 
SiO,.  Almost  at  the  same  temperature,  deformation  occurred  in 
mixture  No.  13,  having  a  composition  20  MgO- 15  Al20;i-65  SiO,. 
All  these  mixtures  mentioned  deform  after  cone  12  and  before 
cone  13  starts.  With  the  first  evidence  of  fusion  of  cone  13,  the 
following  mixtures  begin  to  deform,  and  their  deformation  is 
complete  before  cone  13  is  half  down. 

■15  MgO— 15   AUO3  — 70   SiO, 

■25  MgO— ID  AUO3  — 65   SiO, 

•15  MgO  — 20  ALO„  — 65   SiO, 

■25  MgO  — 20  ALO3  — 55   SiO„ 

Conclusions.     The  most  fusible  mixture  of  MgO  —  AL.O^ 
and  SiO„  as  indicated  by  the  foregoing  study  is  as  follows : 
20  percent  MgO-20  percent  ALO3-60  percent  SiO,  —  MgO-. 392 
AI2O3-2.0   SiOj.     Deformation   temperature    is   cone    12    down, 
aone  13  not  started.     The  deformation  process  is  very  rapid. 


Mixture 

No. 

8 

Mixture 

No. 

12 

Mixture 

No. 

14 

Mixture 

No. 

27 
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MIXTURES 

BY   ARTHUR  S.   WATTS 

Continuing  the  search  for  those  deformation  eutectics  which 
may  enter  into  Bristol  glazes,  a  series  of  mixtures  was  com- 
pounded of  BaCOj,  kaolin  and  flint.  The  accompanying  triaxial 
diagram  shows  the  range  of  composition  studied.  The  AUO^j 
content  was  confined  to  that  which  could  lie  introduced  from 
kaolin.  English  china  cla\-  was  used  for  this  purpose,  and  is 
the  same  as  that  used  in  the  MgO  —  ALO.,  —  Si()„  study. 

Each  mixture  was  mixed  thoroly  together  in  the  plastic 
state  and  molded  into  cones  of  the  same  unburned  size  as  the 
standard  pyrometric  cones.  The  use  of  a  small  amount  of  dex- 
trine was  resorted  to  when  the  clay  content  was  not  sufficient 
to  produce  the  necessary  plasticity.  The  cones  were  placed  in 
plaques  of  ten  each,  and  standard  pyrometric  cones  were  placed 
along  both  ends  as  guides.  A  recording  pyrometer  was  also 
employed  as  an  additional  check.  The  burn  was  conducted  in  a 
horizontal  draft,  gas-fired  kiln,  a  brick  muffle  being  constructed 
ill  the  chamber  to  protect  the  cones.  The  temperature  was 
regulated  so  that  a  very  uniform  heat  distribution  was  secured 
throughout. 

The  Burn.  The  heat  was  increased  at  about  a  rate  of  75°  C. 
per  hour  for  the  first  fifteen  hours.  Beyond  the  fifteenth  hour, 
a  rate  of  about  40°  C.  per  hour  was  maintained  until  the  first 
mixture  showed  signs  of  deforming  when  the  tem])crature  in- 
crease was  reduced  to  about  20°  C.  per  hour. 

Results.  When  a  temperature  slightly  above  1230°  C. 
was  reached  and  cone  6  was  starting,  the  mixture  Xo.  13  (40 
percent  BaO,  10  percent  AUO.,,  50  percent  SiO.  —  BaO,  .375 
A1„0..„  3.19  SiO.J  began  to  deform.  \\'ith  10°  C.  rise  in  tem- 
perature and  before  cone  6  was  down,  mixture  Xo.  9  (35  per- 
cent BaO.  10  percent  Al.O.,,  55  percent  ."^iC^.  —  BaO.  .42  ALO,,. 
4.0  SiO,)   also  started.     The  viscosity  of  mixture  Xo.  9  was  so 

(Vu) 
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low  that  it  overtook  mixture  No.  13  in  the  deformation  process, 
and  standard  cone  6,  mixture  No.  13  and  mixture  No.  9  all 
reached  at  the  same  time  the  state  of  defonnation  where  the 
point  of  the  cone  reaches  the  level  of  the  base.  The  more  rapid 
deformation  of  mixture  No.  9,  however,  would  indicate  that  it 
is  the  deformation  eutectic  even  though  it  did  not  start  deforma- 
tion first.  About  the  time  mixtures  Nos.  9  and  13  completed 
deformation,  mixtures  Nos.  5,  (S,  12,  17  and  18  began  to  deform, 
and  Ijefore  tliev  had  completed  deformation  which  was  approxi- 


Ty^aA's  ^Af  Cfff 


'JOSaO 


mately  with  cone  7,  members  Nos.  6,  23,  24,  29  and  30  began  to 
deform.  These  were  followed  by  mixtures  Nos.  10,  14,  19,  25 
and  31,  which  deformed  at  about  the  temperature  of  cone  8. 
The  mixtures  Nos.  3,  20,  26,  32,  36,  37  and  40  deformed  with 
cone  9,  member  No.  40  showing  abnormally  rapid  deformation. 
The  study  has  not  as  yet  been  carried  beyond  the  temperature 
at  which  cone  10  starts,  which  is  approximately  1330°  C.  At 
this  temperature,  mixtures  Nos.  zy,  3(S,  39  and  41  show  first 
evidences  of  deformation. 
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Up  to  this  tcniiierature,  no  mixture  of  ISaCJ  and  SiOo,  alone 
has  deformed  and  none  is  \  it  rilled.  The  members  containing 
no  AI.O3  and  55  percent  or  more  P.a( ),  show  a  tendency  to 
crack  badly  on  burning,  and  several  broke  completely  apart.  All 
the  numbers  containing  5  percent  ALO3  show  a  marked  opacity. 
The  members  containing  10  percent  ALO;,  are  either  clear  or 
show  a  tendency  toward  forming  clear  glasses.  The  members 
containing  15  percent  Al .( ),,  all  give  evidence  of  a  highly  viscous 
surface  coating  with  more  fluid  material  inside.  This  would 
point  toward  volatilization  in  these  numbers  which  did  not  begin 
to  deform  until  cone  8  temperature  was  reached. 

Conclusion.  Within  tiie  limits  of  the  foregoing  study  it 
is  shown  that  cither  memlicr  Xo.  9  (35  percent  BaO,  10  percent 
AI2O.,,  55  percent  SiOa)  or  member  No.  13  (40  percent  BaO. 
10  percent  Al.Oj,  50  percent  SiOo)  is  the  deformation  eutectic. 
and  both  deform  completely  at  cone  6  down.  The  choice  de- 
pends upon  the  state  of  deformation  which  is  taken  as  the  finish- 
ing point. 


THE  RELATION  OF  SALT  TO  CLAY  IN  THE  PURI- 
FICATION OF  CLAYS^ 

i;y  II.  (;.  sciiuKECiiT. 

This  paper  deals  with  the  effect  of  alkahes  on  the  viscosity 
of  clay  suspensions  (slips),  with  special  reference  to  the  rela- 
tion between  the  concentration  of  alkalies  necessary  to  produce 
minimum  viscosity  in  clay  slips  and  the  concentration  of  clay 
in  the  same.  A  knowledge  of  this  is  of  fundamental  import- 
ance not  only  in  the  purification  of  clays  but  also  in  the  casting 
of  clay  wares.  The  limits  within  which  the  slips  can  be  success- 
fully used  in  the  purification  and  casting  processes  are  often 
relatively  narrow  and  any  erroneous  additions  of  alkalies  to 
these  would  cause  serious  trouble. 

Statistics-  show  that  the  total  clays  or  earths  imported  into 
the  United  States  during  the  twelve  months  ending  June.  1916, 
amounted  to  288,235  tons  valued  at  $1,705,995.  This  com- 
pared with  the  345,419  tons  valued  at  $2,246,807  which  were 
imported  into  this  country  during  the  twelve  months  ending 
June,  1914,  shows  a  large  decrease  due  chiefly  to  the  Eu- 
ropean war.  In  many  cases  manufacturers  of  this  country 
have  been  forced  to  rely  upon  domestic  clays  to  take  the  place 
of  those  previously  imported  from  Europe.  Many  domestic 
clays  which  are  too  impure  to  be  used  in  the  crude  state  can  be 
utilized  by  purifying.  In  order,  however,  to  improve  the  qual- 
ity and  uniformity  of  the  product  and  increase  the  output  in 
the  purification  of  clays  with  alkalies,  it  is  necessary  to  main- 
tain minimum  viscosity  in  the  clay  slip  during  certain  stages 
of  the  treatment.  This  is  governed  by  the  quantity  of  alkalies 
added  to  the  slip. 

The  correct  additions  of  alkalies  to  the  casting  slip  is 
essential  in  the  casting  of  clay  wares.  The  casting  of  heavy 
wares  is  not  practiced  nearly  as  extensively  in  this  country  as 

'  By  permission  of  the  Director  of  the  U.  S.  E 

^  Monthlv   Summarv   of   the    Foreign    Commerc 

of    Foreign    an'd    Domestic    Commerce,    June.    1916, 
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it  is  in  Europe.  For  instance,  the  casting  of  glass  pots  and 
other  refractories  is  heing  carried  on  with  success  in  many- 
places  in  Europe  but  is  not  practiced  to  any  great  extent  in 
this  country,  although  it  is  claimed  that  the  cast  pots  are  of 
better  quality,  will  last  longer,  and  can  he  made  at  less  cost  than 
hand-made  pots. 

Previous  Work.  The  effect  of  acids,  alkalies  and  salts 
on  clay  slijjs  has  been  investigated  by  many,  but  little  work 
has  been  done  to  show  whether  the  ratio  of  electrolyte  to  clay 
in  slips  or  the  concentration  of  the  electrolyte  is  the  pre- 
dominating factor  in  determining  how  much  alkali  should  be 
added,  where  the  water  and  the  clay  contents  vary.  Bottcher^ 
determined  the  effect  of  alkalies  on  the  viscosity  of  clay  slips 
containing  about  44  percent  clay  and  56  percent  distilled 
water.  He  diluted  portions  of  each  slip  thus  treated  until  they 
contained  about  4  percent  clay  and  96  percent  water,  and  his 
results  show  that  minimum  viscosity  in  the  high  clay  slips  cor- 
responds ap])roximately  to  maximum  dcflocculation  in  the  high 
water  slips.  This  would  indicate  that  the  ratio  of  electrolyte 
to  clay  is  more  important  than  the  ratio  of  electrolyte  to  water 
in  the  slip  in  determining  how  much  alkali  should  be  added,  be- 
cause changing  the  ratio  of  electrolyte  to  water  and  keeping  the 
ratio  of  alkali  to  clay  constant  did  not  change  the  point  of 
maximum  dcflocculation  to  any  great  extent.  This  is  in  agree- 
ment  with   results  obtained   in  this  paper. 

.'Vshley"  using  o.  i  molar  sodium  oxalate,  the  total  vol- 
ume always  being   100  cc.  gives  the  following  results: 


OK      CLAY 

AMOUNT 

OF 

REACEST     CIVIVC 

A.MOIINT    OF    REAGENT 

MAXIJ 

.IVM 

SUSPEN.<;iON 

PER    ORAM    OF    CLAY 

grams 

cc. 

CC. 

20 

60 

3.0 

5 

13 

2.6 

1 

11 

11.0 

0.1 

11 

110.0 

From  this   it  appears   that   in   the  high   clay  slips  the   pre- 
dominating  factor   is   the    ratio   of    electrolyte   to   clay ;    but   in 


'  BBttcher,    M.,   Uebcr   die   VerflUssigung  des  Tones  durch   Alkali:    Sprechsaol, 
Jahrp.  iS.   1909,  p.   169. 

'  «  Ashley,    II.    E.,   Technical    Control    of   the    Colloidal    Matter   of   Clays:    Bureau. 
of   Staiuiard.t    Trchtiicat   Pafer   .'S,    1913,    rP-    45-46. 
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the  high  water  slips  the  ratio  of  electrolyte  to  the  water  be- 
comes the  important  factor.  The  high  water  slips  here  given, 
however,  contain  a  less  percentage  of  clay  than  those  ordinarily 
used.  The  work  in  this  paper  deals  only  with  slips  containing 
more  than  five  percent  clay. 

The  following  paragraph  is  taken  from  McDougal's  work.^ 
"The  curves,  which  show  that  maximum  thinning,  indicating 
maximum  conversion  of  gel  to  sol,  is  effected  by  adding  the 
same  quantity  of  carbonate  per  500  cc.  regardless  of  the  different 
amounts  of  clay  in  suspension,  indicate  that  the  efifect  produced 
is  dependent  upon  the  concentration  of  the  carbonate  in  the 
water  present.  Curve  3  indicates  a  maximum  .point  with  some- 
what lesser  additions  than  in  the  case  of  curves  i  and  2,  which 
can  be  explained  by  the  fact  that  slip  3  contained  more  solid 
material  and  consequently  less  water  (in  500  cc.  of  slip),  and, 
therefore,  the  concentration  required  for  maximum  efifect  was 
sooner  reached." 

It  appears,  therefore,  that  the  data  published  by  the  dif- 
ferent investigators  is  not  consistent,  some  claiming  that  the 
electrolyte  should  be  added  in  terms  of  water  regardless  of  the 
amount  of  clay  in  the  slip,  while  others  claim  that  in  certain 
cases  the  electrolyte  should  be  added  in  terms  of  clay  in  the  slip 
regardless  of  the  amount  of  water  present. 

EQUILIBRIUM  IN  ELECTROLYTES' 
Electrical  Conductivity.  The  specific  resistance  of  an 
electrolyte  may  be  defined  as  the  resistance  in  ohms  of  a  cm.' 
of  an  electrolyte.  Its  specific  conductivity  would  then  be 
I  ^-  specific  resistance,  expressed  in  reciprocal  ohms.  In  study- 
ing the  efifect  of  dilution  on  the. electrical  conductivity  it  is  more 
convenient  to  use  the  molecular  conductivity  also  called  the 
equivalent  conductivity.  This  is  the  conductivity  in  reciprocal 
ohms  of  a  solution  containing  i  mol  of  solute  when  jilaced  be- 


"  McUoiigaL  X.  G.,  The  Casting  of  Clay  Wares:  Bureau  of  Mmes  Technical 
Paper  lie,  19:6.  p.  13. 

•  For  fuller  details  on  this  subject  see  Senter,  G.,  Outlines  of  Physical  Chem- 
istrv,  London,  D.  Van  Nostrand  Co.,  1916,  pp.  234-312;  Talbot,  H.,  and  Blanchard. 
A.."  ElectrolMic  Dissociation  Theory,  New  York,  Macmillan  Co.,  1907,  82  pp; 
Kahlenhcrg,  L.,  The  Theory  of  Electrolytic  Dissociation  in  the  Light  of  Facts  Re- 
cently Ascertained;  Journal  of  Physical  Chemistry,    Vol.  5,    1901,  pp.    339-400. 
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tween  electrodes  i  cm.  apart.  It  may  also  be  defined  as  the 
specific  conductivity  multiplied  by  the  volume  in  cc.  which  con- 
tains a  mol  of  solute. 

It  is  a  well  known  fact  that  the  degree  of  ionization,  hence 
the  molecular  conductivity,  increases  with  dilution.  Chemical 
activity  increases  as  a  rule  with  increased  electrical  conductivity 
but,  it  was  claimed  by  Sammis'  that  there  is  no  constant  relation 
between  the  two.  We  learn  in  inorganic  chemistry  that  many 
reactions  proceed  wholly  or  partially  in  a  particular  direction 
for  two  main  reasons :  ( i )  because  an  insoluble  or  partly  in- 
soluble product  is  formed  which  is  removed  from  the  reacting 
system,  (2)  because  a  volatile  product  is  formed  which  under 
the  conditions  of  the  experiment  leaves  the  reacting  system.  Such 
reactions  are  not  reliable  for  determining  the  strengths  of 
reagents. 

For  so-called  "strong"  acids  and  bases  the  molecular  con- 
ductivity increases  with  dilution  up  to  1/10,000  molar  solution, 
and  beyond  this  point  it  remains  practically  constant  on  further 
dilution.  At  this  point  the  molecules  are  completely  ionized. 
Table  I  shows  the  effect  of  dilution  on  the  molecular  conductivity 
of  some  electrolytes.  In  ceramic  practice  the  normal  concen- 
tration of  electrolyte  in  water  is  usually  between  0.025  and  O.ooi. 
Within  these  limits  it  is  seen  that  the  change  in  conductivity 
for  "strong"  bases  and  acids  is  relatively  small  while  the  change 
in  conductivities  for  the  "weak"  reagents  is  large. 

The  Dilution  Law.  According  to  the  electrolytic  dis- 
sociation theory,  an  aqueous  solution  of  acetic  acid  contains 
molecules  of  non-ionized  acid  in  equilibrium  with  its  ions,  repre- 
sented by  the  equation 

ClIXOO  +  U  =  CH.COOH 

Suppose  in  the  volume  v  of  the  solution  the  total  concen- 
tration of  acid  is  i,  and  that  a  fraction  of  it.  represented  by  a. 
is  split  up  into  ions.    The  concentration  of  the  undissociated  acid 

I  —  a 

is  The  concentration  of  each  of  the  ions  is 


'  Sammis,    J.    L.,    On    the    Relation    of    Chemical    Activity    to    Electrical    Con- 
ductivity:   Journal  of  Physical  Chentistry.    I'ol.    10.    1906,   pp.  693-625. 
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• — ,    since    the    dissociated    ions    are    present    in    the    equivalent 

V 

amounts.      By    applying    the    law    of    mass    action    we    get    the 

following 

I  —  a                     a- 
or    =K 


=  K 


i)v 


This  is  known  as  Ostwald's  dilution  law ;  K  being  the  con- 
stant of  equilibrium.     For  conductivity  measurements,  the  above 

Uv 
formula  may  be  put  in  a  different  form  by  substituting 
for  a 

II- V 

—  =  a: 


y  00 


lico    (uoo 


m') 


Ui'  is  the  molecular  conductivity  at  volume  ■?'  ami  u  x  is 
the  molecular  conductivity  at  the  volume  where  it  has  reached 
its  maximum  conductivity.  When  the  degree  of  dissociation  is 
small  as  in  the  case  of  acetic  acid  for  fairly  concentrated  solu- 
tions, a  can  be  neglected  in  comparison  with  i,  and  the  dilution 

law  becomes  ,-ri=— 

a  =  \/  Kv 

TABLE    1  — MOLECULAR    CONDUCTrVITY    AT    18°    C 


concent'n 

y^Na-co, 

Hi  H 

HCL 

HNO, 

0.0001 

66 

0  0002 

53 

0.0005 

38 

368 

0.001 

208 

234 

ii2.o 

28.0 

361 

377 

375 

0.002 

206 

233 

108.5 

20.6 

351 

376 

374 

0.005 

203 

230 

102.6 

13.2 

330 

373 

371 

0.01 

200 

228 

96.2 

9.6 

308 

370 

368 

0.02 

197 

225 

89.5 

7.1 

286 

367 

364 

0.05 

190 

219 

80.8 

4.6 

253 

360 

357 

0.1 

18.3 

213 

72.9 

3.3 

225 

351 

350 

0.2 

178 

206 

65.9 

2.3 

214 

342 

340  • 

0.5 

172 

197 

54.5 

1.35 

205 

327 

324 

1 

160 

184 

45.5 

0.89 

198 

301 

310 

2 

131.4 

160.8 

34.5 

0.532 

183 

254 

258 

'  This   table    of   Kohlrausch   and    Holbo 


taken    from    Senter,    G-,    op.    cit., 
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For  weak  electrolytes  the  degree  of  dissociation  is  approxi- 
mately proportional  to  the  square  root  of  the  dilution. 

The  dilution  law  holds  only  for  binary  electrolytes  i.  e. 
electrolytes  which  split  up  into  two  ions  only.  It  holds  for 
nearly  all  organic  acids  and  bases,  but  does  not  hold  for  salts, 
or  for  certain  mineral  acids  and  bases.  It  does  not  hold  for 
highly  dissociated  electrolytes,  and  the  values  of  K  calculated 
for  such  diminish  with  dilution.  Van't  Hofif  'has  proposed  the 
following  empirical  formula  which  is  fairly  accurate  for  the 
majority  of  strong  electrolytes  : 


(i~a)-v 


By  substituting  a  value  for  a  from  conductivity  or  osmotic 
pressure  observations  at  any  dilution  v,  the  equilibrium  constant 
K  or  ATi  can  be  calculated.  The  degree  of  dissociation  can  then 
be  calculated  from  the  above  formulas  for  any  dilution.  Ac- 
cording to  the  dilution  law  the  degree  of  dissociation,  and  hence 
the  chemical  activity  per  unit  weight  of  electrolyte,  increases 
with  dilution.  For  high  clay  slips  we  would  therefore  expect  to 
add  more  electrolyte  per  unit  weight  of  clay  than  in  high  water 
slips  to  produce  the  same  degree  of  deflocculation,  because  the 
concentration  of  electrolyte  in  the  high  clay  slips  would  be 
relatively  high,  and  therefore  the  electrolyte  would  not  be  as 
highly  ionized  as  it  is  in  the  high-water  slips.  In  some  cases 
this  was  found  to  be  true  in  this  work  but  only  to  a  slight  degree. 
Mixture  of  Two  Electrolytes  with  a  Common  Ion.  The 
dissociation  of  weak  acids  and  bases  is  greatly  reduced  by  the 
addition  of  a  salt  with  an  ion  common  to  the  acid  or  base.  For 
example,  the  equilibrium  in  a  solution  of  acetic  acid  is  repre- 
sented by  the  equation  (11)  (CH,COO)=/C  (CH,COOH). 
If  sodium  acetate  is  added,  the  concentration  of  the  acetate  ion 
is  largely  increased,  but  the  hydrogen  ion  concentration  must 
diminish  because  the  undissociated  acid  cannot  be  changed  very 
much  since  nearly  all  of  the  acid  was  present  in  the  undis- 
sociated form  originally.  In  exactly  the  same  way.  the  degree 
of  dissociation  of  ammonia  is  greatly  reduced  by  the  addition 
of  ammonium  salts. 
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Hydrolysis.  It  is  a  well  known  fact  that  salts  formed  of 
a  weak  base  and  a  strong  acid  have  an  acid  reaction,  and  salts 
formed  of  a  strong  base  and  a  weak  acid  give  an  alkaline 
reaction.  As  water  is  slightly  ionized  according  to  the  equation 
HjO  ^  H+  OH,  it  may  be  regarded  as  both  a  weak  acid  and 
a  weak  base  at  the  same  time,  since  H  ions  and  OH  ions  are 
present. 

When  two  acids  are  allowed  to  act  upon  the  same  base, 
the  base  distributes  itself  between  the  acids  according  to  their 
activities.  The  ratio  of  the  activities  of  two  acids  is  as  a  rule 
equal  to  the  ratio  of  the  extent  to  which  they  are  electrolytically 
dissociated.  The  same  thing  holds  true  in  aqueous  solutions  of 
salts,  the  water,  in  virtue  of  its  hydrogen  ion  concentration  being 
regarded  as  one  of  the  competing  acids.  In  the  case  of  a  salt 
formed  from  a  strong  acid  and  a  strong  base  the  effect  of  the 
H  ion  of  the  water  is  very  small  in  comparison  with  the  strong 
acid,  and  hence  the  solution  gives  a  neutral  reaction.  In  the 
case  of  sodium  carbonate  the  water  as  an  acid  is  comparable  in 
strength  to  carbonic  acid  and  there  is  a  distribution  of  the  base 
between  the  acid  and  the  water.  This  is  known  as  hydrolysis 
and  may  be  represented  as  follows : 

Na.ro,  +  2H,0  ?±  2NaOH  +  H.,CO, 

The  proportion  of  sodium  carbonate  and  sodium  hydroxide 
depend  upon  the  relative  strengths  of  water  and  carbonic  acid. 
The  sodium  hydroxide  and  carbonic  acid  must  be  present  in 
equivalent  amounts,  and  since  the  sodium  hydroxide  is  more 
highly  ionized  than  the  carbonic  acid  the  solution  contains  an 
excess  of  the  OH  ions  and  hence  is  alkaline.  The  formula  in 
which  an  acid  and  a  base  are  present  in  equivalent  proportions 
may  be  stated  as  follows : 

=  Kh 


(l-.f)r 


Here  x  represents  the  proportion  of  acid  and  base  formed 
by  hydrolysis  from  i  mol  of  the  salt  and  z'  is  the  volume.  From 
this  it  appears  that  the  degree  of  hydrolysis  represented  by  x 
increases  with  dilution. 
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In  a  similar  way  the  ()I1  ion  of  water  competes  with  the 
base  of  a  salt  formed  by  a  strong  acid  and  a  weak  base,  and 
the  highly  dissociated  acid  thus  formed  causes  the  solution  to 
give  an  acid  reaction. 

The  Solubility  Product,  in  the  case  of  a  saturated  solu- 
tion of  electrolyte  there  is  equilibrium  between  the  solid  salt 
and  the  non-ionized  salt  in  solution,  the  concentration  of  the 
non-ionized  salt  remaining  constant  at  constant  temperature. 
At  the  same  time  there  is  equilibrium  in  solution  between  the 
non-ionized  salt  and  its  ions.  In  the  case  of  silver  chloride  this 
may  be  represented  by  Ag  -|-  ^^  ?=^  AgCl.  From  the  law  of  mass 
action  w^e  get  the  following : 

(Ag)   (CI)  =A-  (AgCr)=5 

Here  6"  is  the  solubility  product  and  is  constant  since  the 
right-hand  side  of  the  above  equation  is  constant.  If  the  solu- 
bility product  is  exceeded  by  adding  a  salt  with  a  common  ion, 
the  ions  unite  to  form  the  undissociated  salt  until  the  solubility 
product  is  reached.  The  difference  between  this  equilibrium  and 
those  previously  considered  is  that  the  concentration  of  the  non- 
ionized  salt  in  solution  is  constant  at  constant  temperatures.  If 
it  is  decreased  in  any  way.  salt  is  dissolved  till  the  original  value 
is  reached;  if  it  is  exceeded,  salt  falls  out  of  solution  till  the 
original  value  is  reached. 

EFFECT  OF  ELECTROLYTES  ON  CLAYS 

When  certain  alkaline  salts  are  added  to  clay  slips  in  small 
quantities  the  slips  become  liquefied,  and  the  fine  clay  particles 
remain  in  suspension  while  the  coarser  particles  settle  to  the 
bottom.  The  separation  of  this  coarser  substance  from  the  fine 
clay  also  takes  place  to  some  extent  when  no  alkalies  are  used ; 
but  in  this  case  a  large  percentage  of  fine  clay  is  carried  down 
mechanically  with  the  coarser  particles.  The  use  of  alkalies  in 
the  purification  of  clays  makes  possible  a  sharper  separation 
between  the  coarse  impurities  and  the  fine  clay  substance. 

Forster"  claims  that  this  action  of  electrolj-tes  on  clays 
occurs  because  the  negatively  charged  OH  ions  repel  the  similarly 


'  Forster,   P.,  Ueber  das  Gieszcn  des  Tones:     Chem.  Industrie,  1905,  p.  551. 
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charged  clay  particles  thus  causing  a  liquefaction  of  the  clay 
slip.  Spangenberg'"  claims  that  the  OH  ion  is  absorbed  by  the 
clay  particles,  and  the  so-charged  particles  repel  each  other  thus 
causing  the  clay  slip  to  become  more  liquid.  When  the  elec- 
trolyte is  added  beyond  a  certain  amount  a  re-thickening  of  the 
slip  takes  place.  Acids,  and  most  acid  salts  cause  a  thickening  or 
flocculation  when  added  to  clay  slips. 

When  a  slip  that  has  been  treated  with  alkalies  is  allowed 
to  stand  it  gradually  thickens.  Neubert^^  showed  that  slips  con- 
taining alkali  concentrations  less  than  that  required  for  maximum 
fluidity,  thicken  when  allowed  to  stand,  while  slips,  containing 
more  alkali  than  is  required  to  produce  maximum  fluidity,  be- 
come more  fluid  when  allowed  to  stand.  Other  factors  like 
temperature,  humidity  and  degree  of  blunging  also  affect  the 
viscosity  of  clap  slips. 

DESCRIPTION  OF  WORK 

To  study  the  relation  between  the  concentration  of  elec- 
trolyte necessary  to  produce  minimum  viscosity  in  clay  slips  and 
the  concentration  of  clay  in  the  same,  the  salt,  clay  and  water 
contents  were  varied  by  means  of  a  triaxial  diagram  and  viscosity 
measurements  were  made  with  a  viscosimeter  similar  to  the  one 
used  by  Bleininger.'^  The  clay  after  being  screened  through  a 
I20  mesh  screen  was  dried  at  iio°  C.  for  48  hours  previous  to 
testing.  Distilled  water  was  used  in  all  of  this  work,  and  the 
slips  were  allowed  to  stand  one  hour  after  they  had  been  made 
up  and  then  were  tested.  The  temperature  of  the  slips  was  kept 
within  5  degrees  of  18°  C. 

The  time  necessary  for  230  cc.  of  slip  to  pass  through  an 
orifice  2>li^  mcV  was  measured  with  a  stop  watch.  In  the  high- 
water  slips  checks  were  made  by  passing  the  slip  through  an 
orifice  1/32  inch.  The  time  necessary  for  the  same  amount  of 
water  at  18°  C.  was  then  measured.     The  densities  of  the  slip 


"Bleininger,  A.  V..  Notes  on  Casting:  Trans.  Amer.  Cer.  Soc,  I'ol.  XVII. 
1915,  p.  331. 

"  Neubert.  J.   K.,   op.   cit.,  p.    568. 

'"  Spangenberg,  A..  Zi(r  Erkenntnis  des  Tongiessens,  ihren  Einfluss  auf  die 
Tonverfluessigung.  Dissertation.  Darmstadt,  1910;  Neubert,  J.  K.,  Die  Tonver- 
flussigung  durch  Alkali:    Sprechsaal,  Jahrg.   !,6,    1913,   p.   524. 
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and   water   were   determined,   and,   by    means   of   the    following 
equation  the  relative  viscosities  x  were  calculated 

dt 
divtw 

In  this  ciiualion  which  is  used  for  calculating  relative  vis- 
cosities for  liquids  with  the  Ostwald  viscosimeter,''  d  and  dw 
are  the  densities  of  the  liquid  and  water  respectively,  and  t  and 
. /7t'  are  limes  required  for  the  discharge  of  equal  volumes  of 
liquid  and  water  respectively.  Owing  to  the  fact  that  a  clay 
slip  is  not  an  ideal  liquid  and  to  the  difiference  in  construction 
of  the  viscosimeters,  this  equation  is  not  exactly  correct  in  this 
case,  but  for  this  investigation  it  is  sufficiently  accurate. 

Materials  Studied.  Two  clays  were  studied  in  this  work, 
a  kaolin  and  a  ball  clay.  The  kaolin  came  from  Gordon,  Georgia, 
and  the  ball  clay  came  from  Mayfield,  Kentucky.  Their  chemical 
analyses  are  as  follows : 


GEORGIA 

KENTUCKY 

KAOLIN 

BALL    CLAY 

Moisture    Loss 

105"    C. 

0.38 

1.60 

Loss    of    Ign 

ition 

13.63 

11.52 

SiO= 

44.24 

46.87 

AUO, 

38.06 

36.58 

Fe=0, 

1.03 

1.14 

TiO= 

1.29 

0.43 

CaO 

0.08 

0.50 

MgO 

trace 

trace 

Na:0 

0.10 

trace 

K.O 

0.70 

1.60 

S 

0.06 

0.06 

Total  99.. '■.8  100.30 

The  sodium  silicate  corresponded  to  tlie  formula  Na:0  3.1   SiO,. 

^■^  Senter,    G.,    Outlines   of  Physical  Cheimstrv,    London,    D.   Van   Nostrand    Co., 
1916,   p.    7s. 
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PER- 

CENTAGE 

NaoH 

5% 

10% 

16% 

20% 

25% 

30% 

40% 

50% 

NO 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

■ 

TERMS 

96% 

90% 

85%      1 

80% 

75% 

ro% 

60% 

50% 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

CLAY 

1 

0.00 

1.032 

1.0.98 

1.199 

1.391 

1.722 

2.587 

(a) 

(a) 

•2 

0.06 

1.032 

1.092 

1.189 

1.323 

1.675 

1.984 

(a) 

(a) 

3 

0.08 

1.028 

1.066 

1.123 

1.198 

1.250 

1.306 

1.58 

5.87 

4 

0.10 

1.027 

1.066 

1.112 

1.175 

1.227 

1.306 

1.50 

2.20 

5 

0.12 

1.028 

1.066 

1.112 

1.163 

1.214 

1.281 

1.49 

2.00 

6 

0.18 

1.025 

1.066 

1.112 

1.163 

1.214 

1.270 

1.48 

1.93 

7 

0.26 

1.026 

1.066 

1.113 

1.167 

1.214 

1.263 

1.48 

1.95 

8 

0.34 

1.025 

1.066 

1.113 

1.165 

1.214 

1.263 

1.50 

2.04 

9 

0.42 

1.025 

1.065 

1.113 

1.165 

1.214 

1.263 

1.50 

2.10 

10 

0.50 

1.025 

1.065 

1.113 

1.166 

1.214 

1.269 

1.52 

2.28 

11 

0.58 

1.025 

1.065 

1.114 

1.166 

1.224 

1.269 

1.53 

2.48 

12 

0.66 

1.025 

1.064 

1.112 

1.170 

1.224 

1.274 

1.54 

2.81 

13 

0.74 

1.025 

1.065 

1.113 

1.175 

1.228 

1.276 

1.57 

3.27 

14 

0.80 

1.025 

1.065 

1.112 

1.175 

1.229 

1.281 

1.60 

3.78 

15 

0.90 

1.025 

1.065 

1.118 

1.175 

1.236 

1.295 

1.64 

11.03 

16 

1.00 

1.025 

1.071 

1.118 

1.175 

1.239 

1.307 

1.66 

(a) 

(a)  The  relative  viscosities  of  these  could  not  be  determined  as  the 
slips  were  too  viscous  to  flow   from  the  viscosimeter. 


RESULTS  OF  WORK 
Sodium  Hydroxide  and  Georgia  Kaolin.  Table  I  and 
Figure  i  show  the  results  on  Georgia  kaolin  with  sodium 
hydroxide.  In  Figure  i  the  iso-viscosity  lines  show  that  the 
decrease  in  viscosity  is  retarded  up  to  a  certain  point  when  sud- 
denly there  is  a  drop  to  minimum  viscosity,  and  then  with  larger 
additions  of  alkalies  there  is  a  gradual  increase  in  viscosity.  The 
point  of  minimum  viscosity  is  much  better  defined  in  the  high 
clay  slips  than  in  the  low  clay  slips  because  the  change  in  vis- 
cosity in  the  low  clay  slips  is  very  low.  It  is  interesting  to  note 
that  when  sodium  silicate  or  sodium  carbonate  is  used  in  the 
place  of  sodium  hydroxide  (see  Figures  2  and  3).  the  decrease 
in  viscosity  is  not  retarded  as  is  the  case  when  sodium  hydroxide 
is  used.  This  is  probably  due  to  the  presence  of  flocculating 
impurities'*   such   as   calcium   hydroxide   which   are   precipitated 


^  Forster,    F.,    L^eher    das   Gi< 


Tones:     Chem.    Industrie.   28,    1905.    pp. 
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when  reagents  like  sodium  carbonate  are  added  thus  rendering 
them  harmless. 

The  dash  lines  have  been  drawn  through  points  having  equal 
alkali  to  clay  ratios,  while  the  dotted  lines  have  been  drawn 
through  points  having  equal  alkali  to  water  ratios.  The  points 
showing  a  sudden  drop  in  viscosity  follow  a  line  having  almost 
the  same  alkali  to  clay  ratio  which  is  about  0.07  percent,  in 
terms  of  clay.  With  the  high  clay  slips  more  than  0.08  percent, 
is  necessary  to  produce  this  drop  which  may  be  due  to  the  fact 
that  tlie  electrolyte  is  not  quite  as  highly  ionized  in  this  case  as  it 
is  in  the  more  dilute  solutions.  In  following  the  dotted  Imes 
from  the  high  clay  slips  to  the  low  clay  slips,  it  is  found  that 
points  which  show  minimum  viscosity  in  the  high  clay  slips  pass 
to  points  showing  a  re-thickening  in  the  high  water  slips.  This 
shows  that  the  practice  of  calculating  the  alkalies  necessary  to 
produce  a  certain  degree  of  dispersion  in  terms  of  water,  regard- 
less of  how  much  clay  is  present  is  wrong  w'here  the  clay  and 
water  contents  vary.  For  instance  in  the  slips  containing  50 
percent  clay  and  50  percent  water,  minimum  viscosity  is  reached 
when  the  alkali  is  0.18  percent  in  terms  of  water.  When  this 
concentration  of  electrolyte  in  water  is  reached  in  the  case  of 
slips  containing  15  percent  clay,  a  decided  increase  of  viscosity 
over  the  minimum  occurs.  This  shows  that  the  state  of  dis- 
persion is  dependent  to  a  large  extent  upon  the  clay  in  the  slip. 

A  viscosity  of  1.16  is  maintained  in  some  cases  in  the  wash- 
ing of  clays.'"'  If  no  alkalies  are  used  this  viscosity  is  reached 
when  the  slip  contains  about  13  percent,  clay.  When  sodium 
hydroxide  sufficient  to  produce  minimum  viscosity  is  added,  this 
viscosity  is  not  reached  until  the  slip  contains  about  20  percent. 
ciay.  At  the  given  viscosity  it  is  possible  to  treat  about  54  per- 
cent, more  clay  by  using  sodium  hydroxide  than  without  any 
alkalies.  Other  factors  such  as  weather  conditions  would  vary 
these  figures  somewhat. 

Sodium  Silicate  and  Georgia  Kaolin.  The  results  with 
sodium  silicate  on  Georgia  kaolin  are  shown  in  Table  II  and 
Figure  2.     Here  a  decrease  to  minimum  viscosity  is  seen  when 

"A  viscosity  of  L068  is  recommended  by  Sproat.  I.  E..  Kaolin  Refining: 
Trans.  Amer.  Cer.  Soc,  Vol.  XVIII.  1916,  p.  778.  After  making  density  corrections 
this  was  found  to  be  about   1.16. 
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about  0.25  percent,  of  sodium  silicate  is  added  in  terms  of  clay. 
This  electrolyte  does  not  thicken  the  slip  as  readily  as  sodium 
hydroxide  when  additions  of  electrolyte  larger  than  that  required 
to  i^roduce  minimum  viscosity  are  added.  Sodium  silicate  pro- 
duces a  slightly  greater  drop  in  viscosity  than  sodium  hydroxide. 
Here  again  the  point  of  minimum  viscosity  is  less  defined 
in  the  low  clay  slips  than  in  the  high  clay  slips.  In  the  following 
the  dotted  lines  (Fig.  2)  representing  equal  salt  to  water  ratios 
from  the  high  clay  slips  to  the  low  clay  slips,  it  is  seen  that 
points  which  show  minimum  viscosity  in  the  high  clay  slips  pass 
through  points  showing  slight  signs  of  re-thickening  in  the  low 
clay  slips.  In  following  the  dash  lines  representing  equal  salt 
to  clay  ratios  from  the  high  clay  slips  to  the  low  clay  slips,  no 
change  from  minimum  viscosity  to  a  re-thickening  of  slip  can  be 
found.  The  sharp  drop  to  minimum  viscosity  follows  quite 
closely  M  line  representing  equal  salt  to  clav  ratios. 


PER- 
CENTAGE 

IN 

TERMS 
OF  DRY 
CLAY 


5% 

10% 

15% 

CLAY 

CLAY 

CLAY 

95% 

90% 

85% 

WATER 

WATER 

WATHR 

1.032 

1.098 

1.199 

1.028 

1.081 

1.150 

1.025 

1.060 

1.123 

1.025 

l.Ofil 

1.118 

1.025 

1.061 

1.112 

1.025 

1.061 

1.108 

1.025 

l.flCl 

1.108 

1.025 

1.061 

1.106 

1.025 

1.061 

1.103 

1.025 

1.061 

1 .  103 

1.025 

1.061 

1.103 

1.025 

1.061 

1 .  103 

1.025 

1.061 

1 .  103 

1.025 

1.061 

1.103 

1.025 

1.061 

1.103 

20% 

CLAY 

80% 

WATER 


25% 
CLAY 

75% 

WATER 


30% 
CLAY 

70% 

WATER 


40% 
CLAY 
60% 
WATER 


1 

0.00 

2 

0.08 

3 

0.12 

4 

0.14 

5 

0.16 

6 

0.18 

7 

0.20 

8 

0.22 

9 

0.26 

10 

0.30 

11 

1.00 

12 

3.00 

13 

5.00 

14 

7.00 

15 

10.00 

1.391 
1.231 
1.210 
1.180 
1.163 
1.158 
1.151 
1.149 
1.149 
1.149 
1 . 1.53 
1.154 
1 .  156 
1 .  156 
1  ,i:.7 


1.722 
1.386 
1.345 
1.310 
1.261 
1.231 
1.220 
1.220 
1.214 
1.214 
1.220 
1.220 
1.227 
1.227 
I    -Jl'T 


2.587 
1.708 
1.478 
1.392 
1.306 
1.270 
1.270 
1.270 
1.270 
1.270 
1.270 
1.281 
1.295 
1.302 
1  ;'.ii-~ 


(a) 
1.91 
1.53 
1.49 
1.48 
1.46 
1.46 
1.46 
1.46 
1.46 
1.48 
1.53 
1.58 
(a) 


(a) 
(a) 
(a) 
(a) 
3.02 
2.13 

i'88 

i!88 
2.16 
2.68 
3.55 
(a) 
(a) 


(a)  The  relative  viscosities  of  these  could  not  be  determined  as  the 
slips  were  too  viscous  to  flow  from  the  viscosimeter. 
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In  slips  containing  no  alkalies,  a  viscosity  of  1.16  is  reached 
when  the  slip  contains  about  13  percent  clay.  When  sufficient 
sodium  silicate  to  produce  minimum  viscosity  is  used,  the  slip 
does  not  reach  a  viscosity  of  1.16  until  it  contains  about  20.5 
percent  clay.  At  the  viscosity  1.16,  it  is  possible  to  treat  about 
58  percent  more  clay  by  using  sodium  silicate  than  without  using 
any  alkalies. 

Sodium  Carbonate  and  Georgia  Kaolin.  The  effect  of 
sodium  carbonate  on  Georgia  kaolin  is  shown  in  Table  III  and 
Figure  3.  This  slip  reaches  minimum  viscosity  when  about  0.60 
percent  alkali  in  terms  of  clay  is  added.  Slightly  more  than 
this  is  necessary  in  the  high  clay  slips  which  is -probably  due  to 
the  fact  that  the  electrolyte  is  more  concentrated  in  this  case 
than  in  the  high  water  slips,  and  hence  is  not  as  highly  ionized 
as  it  is  in  the  high  water  slips.  It  is  obvious  that  sodium  car- 
bonate is  much  "weaker"  chemically  than  sodium  hydroxide  or 
sodium  silicate  because  the  drop  in  viscosity  is  much  less,  and 
the  amount  necessary  to  produce  minimum  viscosity  is  much 
greater  than  was  necessary  in  the  case  of  the  other  electrolytes. 

In  following  the  dotted  lines  representing  equal  salt  to  water 
ratios,  from  the  high  clay  slips  to  the  low  clay  slips  we  again 
pass  from  points  of  minimum  viscosity  in  the  high  clay  slips 
through  points  showing  re-thickening  in  the  high  water  slips. 
In  following  the  dash  lines  representing  equal  salt  to  clay  ratios, 
in  a  similar  way  no  change  from  minimum  viscosity  to  re-thick- 
ening can  be  detected. 
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PER- 

CENT- 

AGE 

5% 

10%- 

15% 

20% 

25% 

30% 

35% 

40% 

50% 

NaoCOs 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

NO. 

IN 

95% 

90% 

86% 

80% 

75% 

70% 

65% 

60% 

50% 

TERMS 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

W.^TER 

WATER 

WATER 

OF  DRV 
CLAY 

1 

0.00 

1.032 

1.098 

1.199 

1.391 

1.722 

2.587 

(a) 

(a) 

(a) 

2 

0.04 

1.031 

1.083 

1.177 

1.219 

1.386 

2.070 

(a) 

(a) 

(a) 

3 

0.08 

1.031 

1.079 

1.160 

1.208 

1.333 

1.537 

(a) 

(a) 

(a) 

4 

0.12 

1.030 

1.073 

1.144 

1.202 

1.280 

1.428 

1.92 

3.17 

(a) 

6 

0.16 

1.030 

1.067 

1.133 

1.190 

1.264 

1.387 

1.83 

2.45 

(a) 

6 

0.20 

1.029 

1.067 

1.115 

1.176 

1 .551 

1.355 

1.78 

2.10 

(a) 

7 

0.22 

1.029 

1.067 

1.111 

1.176 

1.243 

1.353 

1-.73 

1.91 

(a) 

8 

0.24 

1.031 

1.067 

1.107 

1.170 

1.238 

1.337 

1.62 

1.91 

(a) 

9 

0.26 

1.030 

1.06C 

1.108 

1.170 

1.231 

1.320 

1.54 

1.83 

(a) 

10 

0.30 

1.029 

1.066 

1.108 

1.168 

1.231 

1.300 

1.51 

4.56 

11 

0.34 

1.029 

1.065 

•1.108 

1.165 

1.220 

1.289 

1.43 

i.'65 

3.92 

12 

0.40 

1.028 

1.064 

1.108 

1.163 

1.215 

1.283 

1.40 

1.61 

3.66 

13 

0.70 

1.028 

1.065 

1.108 

1.164 

1.215 

1.283 

1.40 

1..55 

3.48 

14 

1.00 

1.028 

1.066 

1.108 

1.167 

1  220 

1.289 

1.42 

1.58 

5.66 

15 

2.00 

1.028 

1.066 

1.109 

1.171 

1.231 

1.307 

1.46 

1.70 

(a) 

16 

3.00 

1.029 

1.071 

1.112 

1.174 

1.238 

1.337 

1.51 

1.85 

(a) 

17 

4.00 

1.029 

1.072 

1.114 

1.179 

1.243 

1.368 

1.62 

2.90 

(a) 

18 

r, .  00 

1.029 

1.074 

1.118 

1.182 

1.250 

1.415 

1.84 

4.02 

(a) 

(a)  The  relative  viscosities  of  these  could  not  be  determined  as  the 
slips  were  too  viscous  to  flow  from  the  viscosimeter. 


In  slips  containing  no  alkalies,  a  viscosity  of  i.i6  is  reached 
when  the  slip  contains  about  13  percent,  clay.  When  the  amount 
of  sodium  carbonate  necessary  to  produce  minimum  viscosity  is 
added,  the  slip  does  not  reach. this  viscosity  until  it  contains  about 
20  percent,  clay.  At  the  above  viscosity,  it  is  therefore  possible 
to  treat  about  50  percent,  more  clay  by  using  sodium  carbonate 
than  when  no  alkalies  were  used. 

Sodium  Hydroxide  and  Kentucky  Ball  Clay.  Table  IV 
and  Figure  4  show  the  effect  of  sodium  hydroxide  on  Kentucky 
ball  clay.  The  point  of  minimum  viscosity  is  reached  when  about 
0.14  percent  sodium  hydroxide  in  terms  of  clay  is  added.  The 
thickening  of  the  slip  upon  adding  more  electrolyte  than  the 
amount  necessary  to  produce  minimum  viscosity  is  more  marked 
in  this  case  than  in  the  others. 
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Here  again  ue  find,  in  the  following  the  dotted  lines  from 
high  clay  slips  to  low  clay  slips,  we  pass  from  points  showing 
minimum  viscosity  to  points  showing  a  re-thickening  of  the  slip. 

The  viscosity  1.16  is  reached  in  slips  containing  no  alkalies 
when  it  contains  about  13  percent,  clay.  When  sodium  hydroxide 
is  used,  this  viscosity  is  not  reached  until  the  slip  contains  about 
20  percent  clay.  By  using  sodium  hydroxide  about  54  percent 
more  clay  can  be  treated  before  the  viscosity  1.16  is  reached 
than  wlu-n  on  alkalies  are  used. 


PER- 

CF.NT- 

6% 

10% 

16% 

20% 

25% 

307o 

35% 

40% 

50% 

NaOH 

CI..\Y 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

CLAY 

NO. 

IN 

95% 

90% 

85% 

80% 

75% 

70% 

65% 

60% 

60% 

TEKMS 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

CLAY 

1 

0.00 

1.036 

1.090 

1.201 

1..333 

1.700 

(a)- 

(a) 

(a) 

(a) 

2 

0.04 

1.031 

1.080 

1.123 

1.168 

1.260 

1.391 

1.88 

(a) 

(a) 

3 

0.08 

1.030 

1.072 

1.122 

1.165 

1.240 

1.320 

1.45 

1.73 

7.81 

4 

0.10 

1.030 

1.072 

1.123 

1.163 

1.242 

1.320 

5 

0.12 

1.0.30 

1.072 

1.122 

1.160 

1.242 

1.320 

i'.u 

i'.53 

2^25 

C 

0.14 

1.029 

1.073 

1.123 

1.160 

1.242 

1.320 

7 

0.16 

1.029 

1.073 

1.122 

1.161 

1.242 

1.319 

i'.43 

i'.56 

8 

0.18 

1.029 

1.07.5 

1 .  122 

1.161 

1.242 

1.321 

1.45 

1.60 

2!23 

9 

0.20 

1.029 

1.075 

1.122 

1.162 

1.244 

1.321 

10 

0.22 

1.029 

1.075 

1.122 

1.162 

1.245 

1.322 

i!47 

i!68 

h'.si 

11 

0.26 

1.029 

1.075 

1 .  122 

1.162 

1.247 

1.344 

1.49 

1.74 

(a) 

12 

0.30 

1.029 

1.077 

1.130 

1.166 

1.259 

1.368 

1.56 

2.44 

(a) 

13 

•0.34 

1.031 

1.077 

1.133 

1.168 

1.276 

1.451 

2.29 

(a) 

(a) 

14 

0.38 

1.031 

1.075 

1.132 

1.185 

1.290 

1.501 

<.. 

(a) 

(a) 

(a)  Tlio  relative  viscosities  of  these  could  not  be  determined  as  the 
slips  were  too  viscous  to  flow  from  the  viscosimeter. 


SUMMARY 

Based  upon  the  results  of  this  investigation  the  author  has 
drawn  the  following  conclusions  in  such  cases  where  the  water 
is  relatively  pure : 

While  the  chemical  activity  of  the  electrolyte  on  clay  may 
be  slightly  less  in  the  more  concentrated  solutions  than  in  the 
dilute  solutions,  the  keeping  of  the  ratio  of  electrolyte  to  clay 
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constant  is  much  more  important  in  maintaining  minimum  vis- 
cosity in  clay  slips  in  which  the  clay  and  water  contents  vary, 
than  keeping  the  ratio  of  electrolyte  to  water  constant. 

In  the  case  of  sodium  hydroxide  and  Georgia  kaolin,  the 
decrease  in  viscosity  is  retarded  up  to  a  certain  point  when  small 
quantities  of  alkali  are  added,  and  then  when  more  is  added 
there  is  a  sudden  drop  to  minimum  viscosity.  When  sodium 
carbonate  or  sodium  silicate  are  used  in  the  place  of  sodium 
hydroxide  the  decrease  in  viscosity  is  not  retarded  as  is  the  case 
when  sodium  hydroxide  is  used. 

In  agreement  with  Bleininger's  work/"  sodium  silicate  and 
sodium  hydroxide  are  found  to  be  much  more  effective  reagents 
to  produce  a  decrease  in  viscosity  than  sodium  carbonate. 

The  limits  in  which  sodium  hydroxide  produces  minimum 
viscosity  are  small  while  the  limits  within  which  sodium  silicate 
and  sodium  carbonate  produce  minimum  viscosity  are  relatively 
large. 

The  viscosity  data  would  indicate  that  50-58  percent  more 
clay  could  be  treated  when  alkali  sufficient  to  produce  minimum 
viscosity  is  added  than  when  no  alkalies  are  added.  Before  any- 
thing definite  can  be  said  about  this,  however,  it  will  be  necessary 
to  try  this  on  a  commercial  scale. 

In  conclusion  the  writer  wishes  to  acknowledge  his  indebted- 
ness to  Prof.  A.  S.  Watts  for  suggesting  this  work  and  for  many 
helpful    suggestions    during   the   work. 


>•  Bleininger,    A.    V.,    Use    of    Sodium    Salts   in    the   Purification    of    Clays ' 
in  the  Casting  Process:     Bureau  of  Standards  Tech.  Paper  51,  1916,  p.  39. 


NOTES   ON   FLOW   OF   CLAY   THROUGH    HOLLOW 
WARE  DIES 

BY   GEORCE  D.   MORRIS. 

The  notes,  upon  which  this  paper  is  based,  have  been  col- 
lected in  the  practical  handling  of  five  distinct  clays.  They 
cover  three  grades  of  shale  and  two  grades  of  fire  clay.  The 
extremes  were  not  reached  either  in  the  shales  or  the  fireclays, 
but  taking  the  clays  as  a  whole,  the  extreme  limit  of  plastic  and 
non-plastic  clays  were  handled.  In  the  manufacturing  and  form- 
ing of  the  ware  the  degree  of  plasticity  is  very  important.  A 
very  plastic  clay  may  form  all  right,  but  not  stand  the  drying 
process,  and  the  same  may  be  true  with  an  extremely  non-plastic 
clay.  The  satisfactory  flow  of  clay  through  hollow-ware  dies 
is  a  complicated  problem.  We  have  found  from  study  of  dif- 
ferent clays,  that  each  clay  may  be  classified  by  just  the  way 
it  flows  through  the  dies. 

Visit  as  many  plants  as  you  wish  and  inquire  concerning 
the  pressure  it  requires  to  press  the  clay  into  the  various  sizes, 
and  they  will  invariably  give  you  the  number  of  pounds  pressure 
on  the  l)oilers.  Referring  to  the  press  it  would  be  the  pressure 
on  the  steam  cylinder  C,  on  top  of  piston  Ijead  P,  Fig.  i.  In 
most  cases  this  would  be  about  125  pounds  per  square  inch.  That 
is  as  far  as  the  question  of  pressure  is  generally  studied.  By  ' 
examining  different  presses,  it  will  be  found  that  with  the  same 
size  steam  cylinder,  there  will  be  a  different  sized  clay  cylinder, 
according  to  the  size  of  pipe  made  on  that  particular  press,  and 
this  would  give  different  pressure  per  square  inch .  in  the  clay 
cylinder.  The  clay  cylinders  will  be  found  to  vary  in  size. 
but  arc  readily  increased  or  decreased  by  putting  in  a  bushing 
when  so  desired.  The  relative  pressure  of  the  two  heads  on 
the  piston  varies  inversely  to  the  area  of  the  heads.  Boiler 
pressure  times  area  of  piston  head  P.  divided  by  the  area  of 
the  i)iston  head  M.  will  give  the  mean  effective  pressure  on  clay 
cylinder  head.  The  area  of  the  44  in.  piston  head  times  125 
(47!n 
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pounds,  equals  189,250  pounds  pressure.  This  pressure  trans- 
mitted to  an  18  in.  clay  cylinder  will  give  a  pressure  of  750 
pounds  per  square  inch.  The  pressure  of  750  pounds  is  six 
times  the  original  boiler  pressure.  This  enormous  pressure  has 
a  very  decided  eiifect  on  the  flow  of  clay  through  the  hollow- 
ware  dies. 

The  explanation  will  be  more  easily  understood  in  the  fol- 
lowing practical  illustration.  Take  a  six-inch  sewer  pipe.  W'e 
desire  a  pipe  of  about  %  inch  shell  thickness,  that  will  run  out 
straight  and  be  sufficiently  stiff  to  hold  to  shape  while  being 
handled  from  the  press  to  the  drying  floors.  It  has  been  noted 
that  the  plasticity  governs  the  stiffness  and  consistency  of  the 
clay  running  through  the  die.  A  plastic  clay  will  hold  its  shape 
in  a  softer  state  than  a  non-plastic  clay,  and  does  not  require 
to  be  pressed  as  close  together  as  a  non-plastic  clay. 

To  make  a  six-inch  pipe  run  from  the  die  straight,  the 
finish  on  the  die  and  bell  must  be  of  sufficient  length  to  com- 
press the  clay  into  a  sufficiently  solid  body,  so  that  the  clay  will 
hold  its  shape,  (the  finish  of  dies  is  shown  by  G  and  H  in  Figs. 
I,  2  and  3).  Second — The  pipe  must  be  so  well  pressed  and 
knit  together  that  it  will  pull  loose  from  the  socket  former  and 
hold  its  own  weight,  remaining  suspended  long  enough  to  permit 
it  to  be  broken  off  after  the  socket  former  is  freed  from  the  pipe. 

With  a  clay  having  sufficient  plasticity  and  stiffness  at  a 
certain  pressure  to  stand  the  required  handling,  a  certain  rule 
has  been  found  which  has  worked  out  in  a  majority  of  cases. 
The  length  of  finish  and  pounds  pressure  vary  inversely  to  the 
plasticity   of    the    clay. 

The  less  plastic  a  clay  is,  the  more  pressure  required  to 
press  the  clay  to  stand  handling.  The  pressure  needed  varies 
inversely  as  the  plasticity.  To  obtain  more  resistance  in  the 
die,  the  finish  on  die  and  bell  must  be  lengthened.  Whenever 
the  finish  is  lengthened,  the  pressure  must  be  increased  if  the 
clay  is  going  to  be  stiff  enough  to  stand  handling — because 
when  the  finish  is  longer  the  resistance  is  greater,  and  with  no 
increase  in  pressure  the  press  would  not  press  out  the  clay. 

The  relative  increase  of  each  cannot  be  given,  Ixit  a  few 
iuustrations  will  be  cited.     A   non-plastic,  very  gritty  fire  clay 
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failed  to  give  satisfaction  with  a  finish  of  4  in.  and  pressure  of 
550  pounds.  Raising  the  pressure  to  750  pounds  per  square 
inch  a  very  good  pipe  was  made.  A  very  plastic  clay  used  on 
a  die  with  a  V^  in.  finish  at  450  pounds  pressure  proved  unsatis- 
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factory.  By  increasing  the  finish  to  2  inches  and  with  the  same 
450  pounds  pressure  the  result  was  not  improved,  as  the  clay 
had  to  he  soft  at  this  pressure  to  stand  handling.  When  the 
pressure   was   increased   to  650  pounds,  good   pipe  were  made. 
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and  there  was  practically  no  loss  from  dropping  off  of  crooked 
pipe. 

The  larger  sizes  will  vary  under  the  same  ratio  of  plastii;ity 
to  pressure  and  finish  of  dies  and  bells.  The  thickness  of  the 
shell  has  a  very  marked  effect  on  the  length  of  finish.  The 
required  increase  of  finish  is  hard  to  determine,  but  varies 
directly  as  the  shell  thickness.  The  exact  proportion  would 
form  a  very  interesting  research  problem. 

The  statements  in  this  paper  have  been  gatheretl  from  prac- 
tical data ;  some  overlap,  and  to  the  critical  mind  may  be  found 
to  conflict,  but  nevertheless  they  would  be  proven  by  a  more 
accurate  method  of  determining  the  exact  degree  of  plasticity, 
stiffness,  etc. 

The  exact  amount  of  pressure  and  length  of  finish  required 
to  make  a  column  of  clay  run  out  straight  from  a  six-inch  sewer 
pipe  die  has  been  discovered  by  the  cut-and-try  method.  The 
essential  requirement  of  a  die  is  to  make  a  column  of  clay  run 
straight  and  smooth.  It  must  press  the  clay  together  so  that 
there  will  be  no  unequal  strains.  In  the  flow  of  the  clay  through 
a  long  finish  die,  the  column  is  formed  and  compressed  suf- 
ficiently, so  that  when  the  column  leaves  the  die  the  clay  will 
hold  together  rather  than  fall  apart.  If  there  is  an  unequal 
pressure  on  the  column  of  clay,  a  strain  is  set  up,  and  if  the 
column  does  not  break  apart  upon  leaving  the  die,  it  will  do 
so  in  drying.  These  unequal  strains  are  often  caused  by  different 
length  of  finish  of  die  and  bell  or  an  obstruction  somewhere. 
In  Figure  3,  the  clay  has  to  flow  so  far  through  so  small  a  space 
that  the  clay  will  not  run  unless  just  right  all  of  the  time. 

A  short  finish  of  '4  i'lch  may  be  sufficient  in  a  very  plastic 
clay,  if  the  column  of  clay  is  run  very  slowly  through  the  die. 
Increase  the  speed  and  the  clay  will  not  form  a  compact  column. 
Increasing  the  length  of  finish  to  2  in.  or  4  in.  will  compact 
the  clay  solid  enough  so  that  a  straight  column  will  run  out.  A 
good  illustration  of  the  effect  of  short  and  long  finish  is  that 
of  nozzle  used  on  water  hose.  A  short  nozzle  will  spray  the 
water  and  a  long  nozzle  with  just  a  slight  taper  will  shoot  the 
water  out   in  one  straight  solid  column.     The  same  holds  true 


FLOW    OK    CLAS'    TiIUOL(;il     iloI.LOW    WAKE    DIES  483 

with  a  scwer-pipe  die.  The  cohimii  of  clay  must  not  spray, 
but  must  run  in  a  straight  line. 

From  the  above  statements  it  would  appear  desirable  to 
make  all  long-finish  dies ;  but  as  again  with  the  water  nozzle, 
too  much  nozzle  or  friction  causes  unequal  flow  of  water.  Too 
much  finish  retards  the  clay,  causing  unequal  flow. 

The  construction  of  dies  is  very  interesting,  and  many  times 
it  is  a  very  troublesome  problem  to  overcome  some  of  the 
difficulties.  A  press  having  a  clay  cylinder  of  i8  inches  has 
been  cited  in  the  above  paragraph,  and  invariably  the  "old  timer" 
will  say  a  press  of  that  size  cylinder  will  not  make  larger  pipe 
than  an  eighteen-inch  successfully.  Understand  right  here  it 
is  not  the  clay  cylinder  that  forms  the  pipe,  it  is  the  extension 
connecting  the  die  to  the  clay  cylinder.  Figure  2  shows  a  cross 
section  of  a  large  size  die.  and  if  plenty  of  room  is  given  at  L, 
no  trouble  will  be  experienced.  If  the  die  is  constructed  as  in 
Figure  3,  there  will  be  no  end  of  trouble  with  the  die  due  to 
the  uneven  running  of  clay  through  such  a  narrow  space.  Lam- 
inations and  blisters  are  augmented  by  the  narrow  approaches 
to  the  finish  of  the  die. 


WET   CLAY   ELEVATOR 

IJV    CEO.    D.    MORRIS. 

In  the  clay  industry,  as  in  every  other  inchistry,  we  are 
constantly  seeking  improvements  and  new  anrl  Itctter  methods 
in  order  to  increase  and  improve  results  with  the  same  or  less 
expense.  For  instance  we  have  adopted  the  electric  elevator  for 
our  freight  elevator,  and  have  adopted  many  other  imijrove- 
ments  over  the  old  time  methods  of  handling  clay. 

The  elevating  of  clay  by  bucket  elevators  is  not  a  new 
means  of  raising  the  clay  to  the  top  story  from  the  basement, 
where  the  clay  usually  finds  its  first  resting  place.  Neither  the 
height  nor  the  style  of  clay  elevator  will  be  discussed  in  this 
paper ;  only  the  bottom  part  or  boot  as  it  is  commonly  known. 

The  boot  of  all  clay  elevators  is  the  source  of  99  percent 
of  the  clay  man's  troubles  in  operating  a  bucket  elevator.  First 
and  almost  always  last  the  old  saying  comes  that  the  clay  ele- 
vator is  "plugged  up."  "Plugged  up,"  means  that  the  boot  is 
full  of  clay,  the  elevator  has  stopped,  and  maybe  a  dozen  or 
more  buckets  have  been  torn  olif,  and  that  part  of  plant  sup- 
plied by  the  elevator  is  shut  down  waiting  on  clay. 

First  we  will  present  a  sketch  of  the  type  of  clav  elevator 
with  which  most  clay  men  are  familiar.  Figure  i  is  a  cross- 
section  of  a  bucket  elevator  showing  the  pullet,  belt,  shelf, 
buckets,  chute  and 'bottom  or  pit.  Chute  H,  feeds  the  clay  into 
the  buckets  of  elevator  or  into  space  /,  whenever  there  are  no 
buckets  at  the  points  AA.  In  cases  where  the  buckets  are  12 
to  24  inches  apart  there  is  a  large  space  for  the  clay  to  pass 
down  into  the  pit  G.  The  falling  of  the  clay  into  the  pit  G, 
is  just  the  opposite  way  from  which  it  is  supposed  to  travel. 
Whenever  the  clay  is  permitted  to  fall  into  pit  G,  we  have  the 
work  of  emptying  the  pit  quickly  or  the  filling  up  of  the  pit, 
stopping  the  elevator.  After  the  clav  has  passed  below  the  line 
D  D,  the  center  of  the  boot  pulley,  the  elevating  of  the  clay 
from  the  pit  turns  the  elevator  into  a  steam  shovel  by  making 
(484) 
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the  buckets  dij,'  the  clay  oul  of  the  ])it.  Illustrating  the  digging 
of  the  elevator  bucket,  we  take  bucket  B-6,  as  it  passes  around 
the  lower  part  of  pulley  E  and  the  pit  G.  filled  with  clay  up  to 
point  A  A.  The  bucket  is  drawn  through  by  the  belt  forcing 
the  clay  in  directions  of  lines  of  force  A^  and  iV  If  the  pit  is 
so  full  that  the  clay  will  not  permit  the  bucket  to  ])ass  through, 
the  bucket  will  be  torn  off  or  the  belt  stopped. 

No  time  need  be  spent  idling  how  to  clean  out  the  pit  nor 
in  describing  patent  boots  which  are  claimed  by  machinery 
salesmen  to  be  easily  cleaned,  but  will  pass  on  and  endeavor  to 
tell  yon  how  to  preveiU  the  clogging  up  or  tearing  off  of 
buckets. 

figure  2  shows  nothing  more  than  just  a  little  change  in 
the  cluile  H ,  from  the  type  of  elevator  shown  in  Figure  I.  In 
Figure  i.  you  note  that  ./  is  on  the  line  with  the  center  of  pul- 
ley E'  when  |)ulley  is  at  its  highest  position.  The  bottom  of 
chute  //,  is  siiown  to  l)e  just  a  few  inches  above  the  line  D  D'. 
In  Fig.  2  -'J  is  on  the  same  line  D  D' .  but  A'  is  considerably 
farther  away  from  /)  D'  in  Fig.  i  than  in  F"ig  2.  This  dis- 
tance AA'  in  the  figure  is  governed  by  the  distance  represented  by 
C  C.  The  distance  C  C  equals  the  distance  between  the  centers 
of  the  buckets  fastened  to  the  belt.  For  example  if  buckets 
are  placed  24  inches  apart,  the  distance  A  A'  would  be  24  inches. 
\\"\i\\  the  chute  H .  emptying  the  clay  into  elevator  boot  at  a 
])oint  ./',  a  distance  C'("  or  24  inches  above  the  center  line  of 
pulley  /:',  ninety-nine  percent  plus  of  all  clay  goes  up  and  what 
goes  down  into  pit  G,  can  l^e  easily  taken  care  of  by  the  buckets 
at  their  leisure.  \\'ith  the  chute  77,  F"ig.  2,  placed  at  C  C  dis- 
tance above  the  center  line  of  i)tilley  /:',  there  always  is  a  bucket 
in  space  /.  Willi  a  bucket  in  sjiace  J  all  of  the  time,  and  the 
side  of  boot  at  ./  ./'  with  cmly  a  half  inch  clearance  between 
boot  and  bucket,  very  little  clay  can  slip  by  into  the  pit  (/. 

When  the  bucket  B-i  is  at  pt)int  ./'  it  is  full,  and  7?-,? 
bucket  is  empty  at  point  .\.  After  the  bucket  B-2  passes  the 
point  A'  and  reaches  B-j.  the  clay  in  chute  H,  slides  down  and 
fills  bucket  B-2  which  has  reached  the  point  of  B-5.  If  there 
is  more  clay  than  can  be  taken  care  of  on  bucket  B-2.  it  is 
forced  upwards  in  direction  of  A'.     When  the  bucket  passes  the 
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cluilc  //  at  ./'  and  lias  niDri.-  clav  than  it  ran  L-irry.  the  surplus 
clay  will  fall  iiff  into  chute  //  and  slide  into  the  next  empty 
bucket. 

An  example  of  the  two  types  of  elevators  handling  stifT- 
mud  clay  may  be  cited.  First,  an  elevator  of  12  in.  by  6  in.  by 
6  in.  shelf  buckets  runnint^  at  a  sijeed  of  500  feet  per  minute 
was  elevating  almut  10  tons  of  clav  jier  hour  under  favorable 
conditions  and  would  clog  upon  an  average  of  about  3  times 
daily  if  not  crowded,  and  if  crowded  would  clog  up  in  15  min- 
utes after  being  cleaned.  Most  likely  some  will  say  that  eleva- 
tor was  running  too  fast.  Slower  speeds  were  tried  with  most 
discouraging  results.  After  consulting  some  engineers  in  and 
aiound  St.  Louis,  a  combination  of  slower  speed  and  larger 
elevator  was  adopted.  What  to  do  with  the  boot  remained  a 
vital  question.  After  searching  many  catalogues,  an  elevator 
for  elevating  stone  was  shown  using  this  higher  chute.  An 
elevator  was  constructed  about  18  inonths  ago  under  these 
principles,  and  has  established  since  a  record  of  never  being 
clogged  up  and  not  one  bucket  torn  ofif  nor  replaced.  A  re- 
markable record  when  compared  with  the  old  elevator  which 
stopped  more  times  in  one  hour  th.an  the  new  tyiic  has  in 
over  a  year's  time. 

The  old  tyi)e  of  elcxator  with  ;i  1  _>  in.  liy  6  in.  by  (1  in. 
shelf  bucket  at  a  speed  of  500  feet  per  minute  has  a  theoretical 
ca]3acity  of  about  the  same  as  the  new  type  elevator  with  20  in. 
by  S  in.  by  8  in.  shelf  buckets  at  a  speed  of  220  feet  per  min- 
ute. I'nder  actual  working  conditions  10  tons  per  hour  was 
the  limit  for  the  old  type,  and  during  winter  months  it  w^as 
necessary  to  keep  one  man  knocking  clay  out  of  the  returning 
buckets.  The  new  type  takes  care  of  1400  pounds  of  clay  in 
20  seconds,  or  a  total  of  120  tons  per  hour  if  given  the  clay. 
Not  once  was  it  necessary  to  have  any  buckets  cleaned  during 
the  worst  winter  months. 

Installing  of  the  new  type  of  elevator  doubled  the  capacity 
of  the  wet  pans.  The  wet  pan  required  one  minute  for  mixing 
and  with  the  old  elevator  2  minutes  for  emptying.  With  the 
new  type  of  elevator,  the  wet  pans  are  emptied  in   10  seconds. 


RELATION   OF  FUSING  POINT  OF  ASH  TO  AVAIL- 
ABILITY OF  COAL  FOR  BURNING  CERAMIC 
WARES 

BV    RICIIAKl)   R.    HICE 

The  importance  of  this  fuel  supply  is  not  fully  appreciated 
by  the  manufacturer  of  clay  goods.  One  may  be  careful  to 
secure  the  very  highest  grades  of  clays  and  other  materials  go- 
ing into  his  products  —  materials  which  tests  show  are  the  best 
suited  for  his  needs  —  his  methods  of  working  may  be  the  best 
possible,  and  his  goods  when  ready  for  the  kiln  may  be  perfect 
in  every  way,  but  he  may  fall  down  in  the  burning  of  his  wares. 
When  we  really  consider  all  the  facts,  we  must  conclude  that 
fuel  is,  perhaps,  the  most  important  raw  material  with  which 
the  manufacturer  of  clay  goods  has  to  deal. 

The  general  requirements  of  fuel  for  ceramic  work  are 
essentially  the  same  as  for  other  uses,  but  with  special  emphasis 
laid  upon  some  factors  which  must,  or  must  not,  be  present  in 
a  clay-burning  fuel:  We  are  accustomed  to  the  ordinary 
proximate  analysis  of  coal,  volatile  matter,  fixed  carbon  and  ash, 
with  a  special  determination  of  the  sulphur  present,  and  occa- 
sionally of  the  phosphorus.  Occasionally  we  have  an  ultimate 
analysis,  but  usually  give  it  the  little  attention  it   deserves. 

We  generally  regard  sulphur  as  the  most  important  im- 
purity present.  The  bad  eiifects  of  sulphur  cannot  be  denied, 
nor  the  fact  that  sulphur  in  many  classes  of  clay  goods  is 
especially  harmful,  yet  if  the  drafts  are  properly  handled  quite  a 
high  sulphur  coal  may  often  be  used  without  any  bad  effects. 
Another  quality  of  fuel  necessary  for  good  results  in  a  kiln 
is  "reach".  It  is  not  only  necessary  that  there  be  the  right  quan- 
tity of  heat  generated  in  a  kiln,  but  it  must  be  so  distributed 
that  it  reaches  all  portions  of  the  kiln  and  the  ware  in  it,  and 
in  some  classes  of  ware  a  uniform  character  of  the  kiln  gases 
is  essential.  If  the  fuel  does  not  have  this  "reach",  we  can  still 
have  all  the  required  quantity  of  heat  generated,  but  the  fire 
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boxes  will  he  overheated,  a  ])orlion  of  the  ware  overhurned,  and 
some  of  it  underburned.  The  blame  is  often  eharged  to  the 
construction  of  the  kiln,  and  changes  are  made  which  have  no 
bearing  on  the  real  matter  at  fault. 

The  heating  value  of  the  fuel  is  important.  If  this  is  too 
low  it  i.s  impossible  to  burn  the  ware,  while  a  high  heating  value 
coal,  other  factors  being  the  same,  means  less  (juantity  of  fuel 
and  less  labor  in  burning. 

For  the  present  purposes  we  may  consider  coal  as  a  com- 
plex substance,  composed  of  various  hydrocarbon  compounds, 
some  fixed  carbon,  earthy  materials  of  various  kinds,  with  other 
dilutents  in  the  way  of  hydrogen,  oxygen  and  nitrogen.  The 
earthy  materials  compose  the  ash,  which  may  also  be  considered 
as  a  dilutent,  but  it  is  much  more  than  this  in  practice. 

The  principal  constituents  of  ash  are  silicon,  calcium, 
magnesium,  iron,  aluminium,  sulphur,  oxygen,  with  varying 
quantities  of  the  alkalies,  and  other  ingredients  to  a  greater  or 
less  degree. 

In  a  study  of  coal  we  find  that,  as  we  receive  it,  the  ash 
content  consists  of  three  portions.  First,  there  is  that  ])ortion 
of  the  ash  which  is  inherent  in  the  coal  substance  itself.  The 
plants  which  formed  the  coal  beds  secreted  some  silica,  and 
small  quantities  of  other  earthy  materials,  and  in  the  passing 
of  the  plants  into  coal  this  earthy  content  was  necessarily  re- 
tained. This  portion  of  the  ash  is,  therefore,  diffused,  more 
or  less  regularly,  through  the  coal  bed.  Secondly,  a  portion  of 
the  ash  is  found  in  certain  parts  of  the  bed  which  we  cannot  call 
coal  proper.  This  is  in  the  form  of  mud  cracks  of  various 
sorts  which  have  become  filled  with  earthy  materials.  Slate 
veins,  which  mark  times  during  the  deposition  of  the  coal  when 
the  waters  were  muddy  and  earthy  matter  was  deposited  along 
with  the  plant  remains.  What  we  designate  as  bony  coal,  where 
there  is  a  large  percentage  of  ash  present,  often  in  thin  laminae 
between  laminas  of  high  grade  coal.  Third,  we  have  that  por- 
tion of  the  a.sh  which  results  from  mining  operations.  Some  of 
this  comes  from  portions  of  the  roof  dropping  and  becoming 
mingled  with  the  coal.  This  is  especially  the  case  where  the 
coal  is  shot   from   the  solid,   aii<l  the   roof   shattered   so  that   it 
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flakes  off,  and  these  flakes  are  loaded  with  the  coal.  Another 
portion  of  the  ash  due  to  mining  comes  from  the  floor  of  the 
mine,  especially  where  the  underclay  may  be  soft.  This  por- 
tion may  be  quite  a  factor,  and  is  irregular  in  amount  and  com- 
position. 

It  is  evident  some  of  these  sources  of  ash  mav  be  reduced. 
The  bone  coal  may  not  be  mined  if  at  the  bottom  of  the  bed, 
or  if  mined  may  be  thrown  out  and  not  loaded.  If  the  slate 
is  of  any  considerable  thickness,  it  may  be  thrown  aside.  Part 
of  the  sulphur  may  be  discarded  in  loading  —  in  some  mines 
where  it  is  in  the  form  of  pyrites  it  is  sorted  out  and  sold  for 
making  acid.  The  portion  from  the  roof  may  be  kept  down 
by  proper  mining  methods,  and  at  times  this  is  an  important 
factor.  The  portion  from  the  floor  can  only  be  reduced  by 
proper  mining  methods.  This  portion  will  vary  with  the  charac- 
ter of  the  floor,  its  hardness,  composition,  smoothness,  etc. 

The  part  of  the  ash  due  to  mining  cannot  well  be  reduced 
except  by  washing.  Where  run-of-mine  coal  is  used  all  of  this 
material  is  embraced  in  the  coal  as  shipped,  and  where  the  slack 
is  removed  very  often  the  ash  content  of  the  coal  is  so  reduced 
as  to  make  quite  an  appreciate  reduction  from  the  total  average, 
as  well  as  to  make  a  great  change  in  the  relative  proportion  of 
the  ingredients  of  the  total  ash,  and  of  its  fusing  point. 

The  ash  from  these  three  sources  will  differ  greatly,  both 
chemically  and  mineralogically,  and  hence  each  portion  of  the 
total  ash  will  act  differently  in  the  process  of  burning  the  coal, 
regardless  of  the  character  of  the  furnace  used,  the  temperature 
of  the  furnace,  or  any  other  factor  in  the  firing. 

If  we  consider  the  process  of  burning  coal,  not  technically, 
l)ut  as  we  all  see  it  in  practice,  we  learn  wherein  the  ash  content 
of  the  fuel  mav  be  the  ruling  factor  in  the  selection  of  any 
particular  coal,  or  of  its  rejection.  The  fuel  bed  in  a  furnace 
consists  of  several  portions  or  layers.  First,  immediately  over 
the  grate  bars  there  is  more  or  less  of  a  perfect  layer  of  ashes 
and  clinker.  The  fuel  part  of  this  portion  of  the  bed  has  been 
exhausted,  or  it  is  so  covered  up  by  the  ashes  and  clinker  that 
it  is  not  longer  available.  Over  this  lies  a  bed  of  more  or  less 
incandescent  carbon  —  that  portion  of  the  coal  which   remains 
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after  the  li^'hter  hydrocarbons  have  l)een  driven  off.  In  this 
layer  of  the  fuel  bed  all  the  ash  of  the  coal  which  the  layer 
represents  is  present,  except  such  portion  as  may  have  melted 
and  passed  down  to  the  underlying  ash  bed.  Overlying  this 
incandescent  bed  is  a  layer  which  varies  from  raw  coal  on  the 
top  to  the  character  of  the  incandescent  carbon  layer. 

When  fresh  toal  is  j)laced  on  the  fire  bed  the  first  action 
is  the  heating  up  of  the  cold  fuel  by  the  heat  of  the  lower 
incandescent  carbon  zone,  or  of  the  overlying,  fresher  fuel. 
This  action  of  course  tends  to  lower  the  temperature  of  the 
fire  box.  When  the  fresh  coal  is  sufficiently  heated  up,  the 
lightest  hydrocarbons  present  are  dissociated  and  driven  off. 
If  there  should  be  no  free  oxygen  present  the  fire  box  will  prac- 
tically be  a  retort,  and  this  portion  of  the  fuel  would  be  called 
gas  and  under  ordinary  conditions  would  pass  up  the  chimney 
and  be  lost.  As  the  temperature  of  the  fresh  coal  increases, 
heavier  and  heavier  hydrocarbons  are  driven  ofif,  until  only  the 
ash  and  the  fixed  carbon  remain.  In  a  fire  box  the  gases  thus 
driven  off  come  into  contact  with  air  which  has  found  its  way 
upward  through  the  lower  portions  of  the  fuel  bed.  In  passing 
through  the  bed,  the  air  is  heated,  and  coming  into  intimate 
contact  with  the  fresh  gases  unites  with  them,  burning  wherever 
the  proper  admixture  of  gas  and  air  may  take  place.  Under 
ideal  conditions,  with  the  proper  draft,  the  last  of  the  gases 
would  be  consumed  ju.st  as  the  products  of  combustion  leave 
the  kiln. 

The  inflow  of  air  througji  the  fuel  bed  is  most  important. 
If  there  is  just  sufficient  air  passing  through  the  grate  bars  and 
the  overlying  ash  and  clinker  to  supply  the  wants  of  the  fixed 
carbon  portion  of  the  fuel  bed,  there  will  not  be  any  oxygen 
in  the  kiln  to  combine  with  the  gases  set  free  from  the  fresher 
coal.  In  jiractice  this  is  never  the  case  at  least  not  com- 
pletely so. 

The  ash  is  left  in  the  fire  box,  on  the  grate  bars  or  on  the 
top  of  the  ashes  forming  the  support  of  the  fuel  bed.  The  up- 
per portion  of  the  ash  from  the  burning  coal  is  at  the  tempera- 
ture of  the  lower  portion  of  the  fuel  bed.  Here  the  fixed  carbon 
is  being  consumed,  and   with   its  disappearance  the  particles  of 
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ash  come  into  closer  and  ever  closer  contact.  Now  if  the  ash, 
which  is  of  such  varying  composition  both  chemically  and 
mineralogically,  is  of  such  character  that  its  fusing  point  is 
higher  than  the  temperature  of  the  fire  box,  the  ash  remains  an 
unaltered,  "dry",  and  loose  mass  of  earthy  matter.  In  such 
condition  there  is  free  passage  for  air  through  it  with  but  little 
friction  or  obstruction,  and  in  such  case  there  is  ample  air 
passing  through  the  fuel  bed.  in  excess  of  that  needed  in  the 
fire  box  itself,  to  burn  the  free  hydrocarbons  within  the  kiln, 
and  the  coal  has  "reach". 

If,  however,  the  character  of  the  ash  is  such  that  it  fuses 
at  or  below  the  temperature  of  the  incandescent  portion  of  the 
fuel  bed,  an  impure  glass  is  formed,  more  or  less  viscous  at  that 
temperature,  and  this  glass  surrounds  portions  of  the  coal  and 
prevents  its  combustion.  This  partly  fused  mass  forms  a  more 
or  less  continuous  body  over  the  bottom  of  the  fire  box  and 
prevents  free  access  of  air  to  the  fuel  which  not  only  cuts  off 
thereby  air  needed  to  consume  the  free  hydrocarbons  in  the 
kiln,  but  may  prevent  good  combustion  in  the  fire  box  itself. 
This  action  of  the  ash  is  very  often  the  most  important  factor 
in  a  coal,  and  one  that  is  really  neglected  in  most  cases. 

The  subject  of  coal  supply  is  at  all  times  important,  for 
when  using  coal  we  are  always  subject  to  a  change  in  the  source 
of  supply,  if  for  no  other  reason  than  the  working  out  of  old 
mines.  With  the  passing  of  natural  gas  it  is  especially  important. 
Of  late  years  it  has  been  drilled  into  us  that  we  should  buy  our 
coal  on  the  basis  of  its  thermal  value.  This  may  be  all  right 
for  some  uses.  I  know  of  coals  which  were  most  efificient  when 
burned  in  the  locomotive,  but  which  fell  down  utterly  in  the 
brick  kiln.  There  was  no  difference  in  the  heating  value  of  the 
coal,  but  the  difiference  was  in  the  temperature  of  the  fire  box. 
We  can  get  no  information  from  a  chemical  analysis  of  the  coal, 
unless  in  abnormal  cases,  for  the  relation  of  a  chemical  analysis 
of  the  ash  of  a  coal  has  the  same  relation  to  the  fusing  point 
that  an  analysis  of  a  clay  has  to  its  point  of  failure,  and  that  is 
usually  none.  The  fusing  point  of  the  ash  must  be  directly 
determined  in  each  case ;  and  as  yet  there  has  not  been  developed 
any  standard  method  of   so  doing.     What  the   relation   of  the 
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fusing  point  of  the  ash  as  found  in  the  laboratory  may  be  to  that 
found  in  practice  has  not  been  determined. 

It  is  possible  to  use  a  part  of  a  coal  deposit  which  will 
give  a  high  temperature  fusing  ash,  while  the  remaining  portion 
of  the  bed,  perhaps  not  a  foot  in  thickness,  will  so  alter  the 
average  ash  content,  both  in  quantity  and  quality,  as  to  render 
the  use  of  the  entire  coal  impossible.  Similar  conditions  exist 
as  to  the  sulphur  content.  It  has  long  been  known  that  often 
the  lower  foot  or  eighteen  inches  of  portions  of  the  Pittsburgh 
coal  carries  so  much  sulphur  as  to  render  the  use  of  the  whole 
bed  impossible   for  metallurgical  coke. 

To  return  to  the  fire  box.  It  is  true  the  rate  of  combus- 
tion depends  upon  the  air  supply  to  the  fuel  in  the  furnace.  We 
generally  measure  this  by  the  difference  in  draft  pressure  across 
the  fuel  bed.  This  measure  may  be  correct,  if  all  other  condi- 
tions are  the  same,  but  if  the  rate  of  flow  of  the  air  through 
the  grate  and  fuel  bed  varies  by  reasons  of  obstructions,  the 
draft  readings  do  not  give  comparative  results.  Such  obstruc- 
tions may  vary  with  the  thickness  of  the  fuel  bed  itself,  with 
the  character  of  the  coal  as  regards  its  size,  and  more  especially 
as  regards  the  amount  of  ash  on  the  grate  bars,  the  portion  of 
the  ash  which  is  fused,  and  the  proportion  of  the  grate  bars 
covered  or  obstructed  by  this  fused  clinker. 

.Ash  may  fuse  at  as  low  a  temperature  as  2000°  F.,  while 
with  other  coals  the  fusing  point  may  be  over  3000°  F.  It  needs 
no  argument  to  show  that  a  smaller  quantity  of  total  ash  may 
give  a  much  greater  amount  of  fused  material  in  fire  boxes  of 
equal  temperatures,  than  a  coal  with  a  higher  percentage  of 
ash.  It  is  ecjually  obvious  that  a  small  quantity  of  low  fusing 
ash,  which  has  a  correspondingly  high  degree  of  fluidity,  will 
run  over  and  obstruct  a  greater  percentage  of  grate  surface, 
or  of  the  surface  of  the  accumulated  ash  on  the  grate  bars, 
than  a  much  larger  quantity  of  a  higher  fusing  ash. 

Bailey'  has  pointed  out  that  "the  real  measure  of  clinker 
formation  is  the  difference  between  the  fusing  temperature  of 
the  ash  and  the  temperature  to  which  the  ash  is  subjected.    Thus 
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if  an  ash  with  a  fusing  point  of  2000°  F.  was  in  a  fire  box 
heated  to  2100°  F.  the  amount  of  cHnker  would  be  much  less 
than  if  the  temperature  of  the  fire  box  was  2500°  F.  If  the 
ash  had  a  fusing  point  of  2400°  F.  there  would  be  no  clinker 
in  a  fire  box  with  a  temperature  of  2100°  F.,  and  at  2500°  F., 
practically  the  same  amount  of  clinker,  the  total  ash  being  the 
same,  as  in  the  case  of  ash  fusing  at  2000°  F.  in  the  2100°  F. 
fire  box.  So  it  is  a  matter  of  relative  temperatures,  which  ex- 
plains the  fact  that  kilns  for  clay  goods  will  clinker  far  worse 
with  low-temperature-fusing-ash  coals  than  some  other  classes  of 
furnaces. 

Tests  which  have  been  made  under  boilers  distinctly  show 
the  advantage  of  high-temperature-fusing-ash  coals.  Bailey  re- 
ports the  testing  of  two  coals  where  the  B.  t.  u.  and  ash  were 
practically  the  same,  but  the  fusing  temperature  of  the  ash  in 
one  was  2750°  F.  and  in  the  other  but  2390°  F.  The  conditions 
of  the  test  were  as  nearly  the  same  as  it  was  possible  to  make 
them.  The  tests  showed  that  with  the  high-temperature-fusing- 
ash  coal,  with  a  draft  of  0.22  inches,  there  was  no  difficulty 
in  maintaining  the  steam  pressure,  while  with  the  lower-tem- 
perature-fusing-ash  coal,  with  a  draft  of  0.26  inches,  there  was 
an  average  lower  steam  pressure  of  five  pounds,  and  four  per- 
cent less  horse  power  was  developed. 

The  total  amount  of  ash  in  the  two  coals  was  practically 
the  same,  but  with  the  high-temperature-fusing-ash  coal  there 
was  but  804  pounds  of  refuse  cleaned  from  the  grate  bars 
(much  of  which  was  slate)  and  iioi  pounds  from  the  ash  pit, 
while  with  the  lower-temperature-fusing-ash  coal  1365  pounds 
of  refuse  were  taken  from  the  grate  bars  and  824  pounds  from 
the  ash  pit.  The  clogging  of  the  draft  by  the  difference  in  the 
amount  of  accumulated  material-  on  the  grate  bars  is  obvious. 

An  examination  of  the  material  on  the  grate  bars  showed 
that  but  20  percent  of  the  high-temperature-fusing  ash  was 
clinker,  while  over  53  percent  of  the  low  fusing  temperature  ash 
was  clinker,  there  being  but  224  pounds  from  the  one  coal  as 
compared  with  746  pounds  of  the  other.  A  further  study  of 
the  size  of  the  clinkers  showed  that  where  there  were  22  square 
feet  of  grate  surface  obstructed  in  the  one  case  there  were  79 
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stjiiare   feet   obstructed   in   the  other.      I'he   actual   falling  off  in 
efficiency  of  the  lower-temperature-fusing-ash  coal  as  compared' 
with  the  other,  at  the  end  of  i8  hours  tiring,  was  25  percent. 

These  facts  are  especially  pertinent  to  the  clay  industry, 
ilcrc  we  want,  if  anything,  increasing  efficiency.  In  kilns  for 
burning  clay  wares  the  draft  is  limited,  and  at  the  same  time  it 
is  necessary  there  be  no  lagging  in  the  flow  of  the  products  of 
combustion  through  the  kiln.  It  is  thus  clear  that  the  clay  in- 
dustry requires  a  coal  where  the  fusing  point  of  the  ash  is 
high  —  the  higher  the  better. 

How  is  a  proper  coal  to  be  secured?  In  the  final  analysis 
this  is  the  question  to  be  solved.  As  before  said,  a  chemical 
analysis  of  a  coal  will  not  determine  the  fusing  point  of  the  ash, 
nor  will  an  analysis  of  the  ash  itself  do  so.  The  elements  present 
in  the  ash  are  silica,  lime,  magnesia,  iron,  alumina,  sulphur, 
oxygen  and  other  elements  in  small  quantities  as  accidentals. 
The  exact  comf)osition  is  greatly  aiTected  by  the  preparation 
the  coal  gets  at  the  mine.  It  is  supposed  that  the  pyrites,  slate, 
dirt,  bone  coal,  etc.,  are  thrown  out  in  the  mining.  It  is  need- 
less to  say  this  is  not  done  as  fully  as  is  supposed  nor  as  paid 
for  by  the  operator.  It  is  also  evident  that  in  run  of  mine 
coal  the  portion  of  the  underclay  and  roof  which  gets  into  the 
coal  is  not  removed.  It  is  equally  evident  that  this  source  of 
ash  varies  greatly  with  the  character  of  the  floor  and  the  mining 
practice. 

It  is  well  known  that  Illinois  coals,  for  example,  contain 
from  9  percent  to  10.5  percent  of  ash,  that  is,  when  a  mine 
sample  is  taken  under  standard  conditions.  Some  of  this  is 
supposed  to  be  thrown  out  in  mining,  so  that  the  ash  in  run 
of  mine  coal  should  be  less  than  10  percent.  As  a  fact,  however, 
the  result  of  extensive  study  shows  the  average  ash  in  run  of 
mine  coal  in  Illinois  is  15.7  percent,  in  the  lump  and  in  egg 
it  is  13.5  percent,  in  the  nut  coal  it  is  13  percent,  in  the  slack 
17.8  percent,  and  it  is  only  in  the  best  of  the  washed  coals  that 
the  ash  content  runs  as  low  as  the  determinations  made  on 
samples  cut  from  the  solid  in  the  mine.  This  fact  shows  the 
necessity  of  having  more  knowledge  than  an  analysis  furnished 
by  the  operator  of  samples  cut  in  the  standard  manner. 
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It  is  a  generally  prevailing  idea  that  sulphur  is  the  cause 
of  clinker  trouble.  Where  the  sulphur  exists  as  pyrites,  the 
iron  present  may  act  as  a  flux  and  cause  a  reduction  in  the 
fusing  temperature  of  the  ash,  but,  however,  much  the  greater 
portion  of  the  sulphur  itself  burns  and  leaves  the  furnace  as 
a  gas.  There  does  not  appear  to  be  any  relation  between  the 
sulphur  content  of  the  coal  and  the  quantity  of  the  clinker,  or 
the  fusing  point  of  the  ash,  and  one  can  hardly  see  how  such 
could  be  the  case. 

The  quantity  of  the  ash  bears  no  relation  to  the  fusing  tem- 
perature, and  there  is  no  apparent  reason  why  we  should  so 
think,  neither  is  the  color  of  the  ash  an  indication  of  the  fusing 
properties. 

It  is  possible,  however,  to  buy  coal  with  at  least  a  relatively 
high  fusing  temperature  ash.  To  do  this  intelligently  it  is  neces- 
sary not  only  that  the  fusing  point  of  the  ash  in  the  coal  as 
sampled  in  the  mine  be  determined,  but  we  must  know  the  char- 
acter of  the  coal  in  this  respect  as  received.  We  must  also  know 
the  temperature  of  the  fire  box,  and  how  it  varies  from  time  to 
time  during  the  burn.  Again,  the  mine  should  be  examined 
to  determine  the  uniformity  of  the  ash  content  and  the 
uniformity  of  the  behavior  of  the  ash,  to  know  if  certain  por- 
tions of  the  bed  should  be  left  in  mining,  to  learn  what  portion 
of  the  ash  is  due  to  mining  operations,  as  distinguished  from 
the  ash  inherent  in  the  coal.  These  are  but  some  of  the  factors 
to  be  determined.  They  cannot  be  determined  by  the  purchaser 
sending  a  sample  taken  at  random  from  a  car  to  some  chemist 
for  analysis.  Few  coal  laboratories  pay  any  attention  to  the 
fusing  point  of  the  ash,  and  will  not  until  compelled  to  do  so. 

Samples  should  in  all  cases  be  taken  by  someone  conversant 
with  the  proper  manner  of  taking  coal  samples,  both  in  the 
mine,  and  in  the  car  or  stock  pile.  They  should  be  taken  by 
someone  familiar  with  mining  practices  and  with  the  peculiarities 
of  the  bed  being  worked.  Preferably,  such  work  should  be  done 
by  some  bureau  or  laboratory  which  would  not  represent  any 
one  particular  manufacturer,  but  was  an  organization  which 
would    take    up'    the    study    in    the    interest    of    all.     Such    an 
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organization  would  be  of  value  to  the  manufacturer  in  case  of 
(lisi)utes,  for  it  would  have  a  standing  with  the  coal  operator 
which  no  individual  manufacturer  or  commercial  analyst  em- 
ployed by  the  manufacturer  could  possibly  have.  The  expense 
involved  would  be  small  in  comparison  to  the  benefits  derived. 


MODIFIED   LOAD   TEST   FOR  FIRE  BRICK 

HV    J.    B.    SHAW 

At  the  Pittsburgh  meeting  of  this  Society  in  1910,  Bleininger 
and  Brown  brought  forth  a  load  test  for  fire  brick  which  they 
had  evolved  after  a  very  extensive  and  thorough  series  of  exper- 
iments. They  recommended  the  test  for  use  in  determining  the 
ability  of  fire  brick  to  stand  up  at  furnace  temperature  under 
comparatively  high  loads.  The  test  met  with  some  criticism,  as 
evidenced  by  the  discussion  following  the  paper,  but  its  value 
was  immediately  recognized,  and  it  has  been  quite  generally 
adopted  as  one  of  the  principal  methods  of  classifying  refrac- 
tories. The  test  consists  in  subjecting  the  brick  on  end  to  a  load 
of  50  pounds  per  square  inch  and  carrying  the  temperature  up 
to  1350°  C.  "A  No.  1  fire  brick  should  show  no  marked  defor- 
mation and  should  not  be  shortened  more  than  one  inch  for  the 
standard  9  inch  length." 

While  at  the  Pittsburgh  Testing  Laboratory  the  writer  was 
frequently  called  upon  to  test  fire  brick  and  contemplated  build- 
ing a  furnace  for  making  this  test,  but  upon  careful  study  it  was 
decided  that  some  modification  of  it  might  be  made  to  advantage. 
There  are  two  points  in  which  this  test  does  not  give  all  that 
might  be  desired.  First,  it  does  not  admit  of  close  comparison 
of  high  grade  fire  brick :  second,  it  does  not  give  any  record  of 
how  the  brick  acts  under  test  except  that  it  stands  or  fails. 
With  these  points  in  mind,  an  effort  was  made  to  design  an 
apparatus  which  would  do  all  that  the  original  one  does  and  at 
the  same  time  fill  in  the  discrepancies  mentioned,  thereby  en- 
abling one  to  distinguish  more  accurately  between  different 
grades  of  fire  brick. 

The  Apparatus.  Figure  i.  is  the  original  design  as 
furnished  to  the  machinist.  There  were  minor  changes  made 
during  the  construction,  but  in  principle  the  machine  was  built 
as  shown.  For  the  heavy  iron  braces  much  lighter  ones  were 
substituted,  but  otherwise  no  change  was  made.  The  load- 
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recording  instrument  was  made  by  the  machinists  who  built  the 
Other  apparatus,  starting  with  a  dollar  clock  and  a  brass  cylinder 
and  gearing  them  together  to  give  the  desired  speed.  The  outfit 
as  built  cost  about  $60. 

The  Test.  The  brick  to  be  tested  was  accurately  measured 
to  determine  the  area  of  its  cross  section.  Two  half-bricks 
which  had  been  previously  heated  under  pressure  to  1400°  C. 
were  used  for  bearings  on  the  end  of  the  brick.  A  thin  film  of 
fine  sand  was  placed  between  the  half-brick  and  the  brick  to  be 
tested.  The  door  (not  shown)  was  9  in.  wide  and  the  height 
equals  that  of  the  furnace  chamber.  The  brick  were  placed  in 
the  furnace  through  the  door,  and  the  piston  head  brought  up 
against  the  bottom  half-brick  Ijy  turning  the  nut  on  the  top  of 
the  spring.  The  piston  head  was  of  steel,  and  between  this  and 
the  bottom  brick  was  placed  a  quarter-inch  of  sheet  asbestos  cut 
to  just  fit  the  opening  in  the  bottom  of  the  furnace.  The  space 
around  the  half  brick  and  above  the  sheet  asbestos  was  packed 
with  asbestos  fibre.  In  this  manner  the  steel  parts  below  the 
furnace  were  well  protected  from  the  heat.  The  brick  being 
firmly  set  in  place,  the  nut  over  the  spring  was  screwed  down 
until  the  desired  pressure  ( 50  pounds  per  square  inch)  was 
applied  to  the  brick.  For  instance,  a  200  pound  spring  being 
used,  compressing  the  spring  five  inches  would  give  a  load  of 
1000  pounds  on  the  brick.  Having  adjusted  the  load,  the  pencil 
of  the  recording  instrument  was  set  at  zero,  and  any  movement 
■up  or  down  of  the  piston  was  recorded  on  the  co-ordinate  paper 
wrapper  around  the  brass  cylinder.  The  gas  burners,  which 
used  compressed  air  and  natural  gas,  were  lighted,  and  the  clock 
on  the  recording  instrument  started  at  the  same  time.  The 
clock  lost  some  time  (about  10  minutes  during  a  test  of  five 
hours),  and  this  was  noted  and  allowed  for  in  replotting  the 
results  on  the  record  sheet  with  the  temperature  curve. 

Comparison  of  Tests.  In  comparing  this  test  with  that  of 
Bleininger  and  Brown,  one  essential  difference  will  be  noted. 
;'.  c,  in  the  latter  the  load  is  constant  throughout,  but  in  this  new 
test  the  load  decreases  as  the  brick  crushes.  This  may  be  con- 
strued as  meaning  that  in  this  test  the  brick  is  able  to  adjust 
itself  to  its  surroundings,  as  it  always  does  in  use  in   furnaces. 
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Interpreting  the  curves  according  to  this  idea,  theoretically  any 
point  on  a  curve  represents  the  load  that  brick-  is  able  to  stand 
at  the  given  temjierature.  This  is  undoubtedly  true  for  these 
tests,  but  it  is  highly  probable  that  the  time  factor  would  de- 
crease the  indicated  load  carrying  capacity  of  the  brick.  How- 
ever, the  results  obtained  by  this  test  seem  to  indicate  quite 
plainly  the  relative  action  of  different  brick  under  similar  treat- 
niunt. 

Results.  The  cur\es  slimvn  in  Fig.  2.  are  the  results 
<il  a  tew  of  the  tests  made  on  this  machine.  Numbers  i  and  2 
were  made  by  the  same  firm  and  sent  in  for  test.  Both  of  these 
brick  stood  above  cone  32  in  tlie  regular  fusion  test,  but  their 
inferiority  is  clearly  shown  by  the  test.  They  were  coarse 
grained  and  lacked  bond  clay.  ISoth  sheared  oft,  showing  the 
characteristic  cold  crushing  fracture. 

Numbers  3.  4,  5,  6  and  7  are  No.  i  fire  brick,  and  all  re- 
tained their  shape  fairly  well,  Nos.  3  and  4  twisting  somewhat. 
The  point  indicated  by  a  load  of  30  pounds  per  square  inch  would 
represent  a  decrease  of  approximately  one  inch  in  the  length  of  a 
brick.  /.  e.,  each  decrease  of  20  pounds  per  square  inch  repre- 
sents a  decrease  of  i  inch  in  length  of  a  brick  whose  cross 
section  is  10  square  inches.  The  magnesite,  carborundum  and 
silica  brick  show  characteristic  curves. 

Tlie  silica  i)rick  shows  its  characteristic  expansion,  and  it  will 
be  noted  that  at  1200°  crushing  takes  place,  but  at  no  time  does 
it  show  any  serious  deformation.  The  carborundum  brick  shows 
superiority  here,  and  the  writer  has  made  other  tests  on  these 
brick  which  show  them  in  some  cases  to  be  highly  satisfactorv 
in  resisting  fluxing  action  of  slags. 

Conclusions.  The  writer  does  not  wish  to  be  understood 
as  offering  adverse  criticism  of  the  test  as  recommended  by 
lileininger  and  Brown.  The  value  of  their  test  is  recognized  and 
is  too  well  known  to  admit  of  successful  contradiction,  but  it  is 
believed  that  the  test  here  described  does  that  for  which  it  was 
intended,  and  that  by  it  fire  brick  can  be  satisfactorily  classified 
as  to  their  load-carrying  capacity.  It  is  further  shown  that  the 
results  of  this  test  give  in  mathematical  terms  the  relative  be- 
havior of  fire  brick  at  ditf'erent  temperatures  under  load. 
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Recommendation.  This  apparatus  gives  very  little  trouble 
and  admits  of  accurate  working,  but  experience  in  using  it  re- 
vealed certain  changes  which  would  improve  its  possibilities. 
Chief  of  these  is  that  it  would  be  improved  if  the  apparatus  were 
turned  up  side  down,  that  is,  to  apply  the  load  from  the  top. 
This  would  facilitate  setting  the  brick  in  place  in  a  perfectly 
vertical  position  and  getting  the  direction  of  the  load  perfectly 
parallel  to  the  long  axis  of  the  brick  which  is  one  of  the  essential 
features  of  a  successful  test.  With  the  machine  as  shown,  it  is 
■  rather  difficult  to  set  the  brick.  With  this  modification,  it  is 
believed  the  ap]>aratus  will  be  thoroughly  satisfactory. 

DISCUSSION 

Mr.  Moore:  1  would  like  to  ask  how  that  spring  is  cali- 
brated :- 

Mr.  Shaw:  You  can  buy  those  springs  and  do  not  have  to 
calibrate  them.  I  did  calibrate  this  spring,  but  the  calibration 
is  a  straight  line  ;  they  make  them  absolutely  accurate. 

Mr.  Moore:  \'ou  do  not  calibrate  after  use  over  a  period 
of  time? 

Mr.  Sliaw:  Yes,  it  would  be  advisable  to  do  so,  but  they 
V  ill  s'.and  use  for  a  long  time  before  there  will  be  any  ajipreciable 
error. 

Mr.  Moore:     Have  you  tried  tliat  out  ? 

Mr.  Shazv:    Yes,  sir. 

Mr.  Riddle:  I  would  like  to  ask  Mr.  Shaw  if  they  main- 
tained a  uniform  pressure  on  the  brick  ? 

Mr.  Shaw:  I  did  not  maintain  uniform  pressure;  that  is 
just  the  thing  I  aimed  not  to  do.  The  thing  I  aimed  to  do  was 
to  allow  the  brick  to  adjust  itself  to  surrounding  conditions.  .'\s 
the  brick  crushed,  the  expansion  of  the  spring  automatically  re- 
leased the  pressure.  Those  curves  represent  the  pressure  the 
brick  will  stand  at  a  given  temperature. 

Mr.  Riddle:  What  effect  did  the  heating  up  and  expansion 
of  the  brick  have  on  the  pressure? 

Mr.  Sha7c:  It  increased  the  load,  as  the  curve  shows. 
A\'hen  the  l)rick  expanded  it  meant  an  increase  in  the  load  on 
the  brick. 
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Mr.  Riddlr:  In  practice  that  load  would  be  constant, 
wouldn't  it  ? 

Mr.  Sliazv:  No,  sir,  never;  if  you  get  your  kiln  braced  up, 
when  you  increase  the  heat  and  the  brick  expands,  the  pressure 
is  increased. 

Mr.  Riddle:  As  the  brick  begins  to  give  way  by  fusion, 
the  load  will  be  just  as  great,  then;  the  load  won't  lighten  up. 
will  it? 

Mr.  Shazu:     ^'es,  sir. 

Mr.  Riddle:     In  the  feather  walls  of  a  kiln? 

Mr.  Sliaiv:     Yes,  sir. 

Mr.  Riddle:  I  would  simply  like  to  ask  Mf.  Shaw  if  he 
feels  that,  for  example  you  had  a  row  of  brick  under  pressure 
just  under  at  the  spring  of  the  crown  of  the  kiln,  say  at  1400 
degrees,  centigrade,  and  had  100,000  pounds  load  superimposed, 
of  course  equally  divided  on  each  brick;  if  those  brick  began  to 
fail,  would  the  pressure  of  the  crown  lighten  on  the  brick  as 
they  failed  ?  Of  course  they  would  all  be  the  same  grade  of, 
lirick  around  that  course  and  probably  all  would  fail  about 
the  same  degree. 

Mr.  Shaic:  The  very  fact  that  it  starts  to  fail  but  does 
not  come  clear  down,  answers  that  question;  they  do  fail  until 
tliey  have  come  to  some  condition  they  can  stand,  and  they  con- 
tinue to  fail  until  the  shape  of  the  crown  is  changed  so  that 
other  portions  are  brought  to  where  they  carry  the  load  instead 
of  the  point  that  is  being  subjected  to  that  pressure  which  is 
causing  it  to  fail,  and  what  I  contend  there  is  that  unless  there 
is  some  such  change  as  that,  the  whole  arch  would  sink  in. 
Unless  tile  load  or  temperature  was  decreased,  the  whole  arch 
would  go  in. 

Mr.  Malm:  Did  Mr.  Shaw  make  any  determination  as  to 
what  the  percentage  of  expansion  was  at  that  point,  at  the 
maximum  expansion?     Have  you  any  figures  on  that? 

Mr.  Shaw:  The  curves  will  show,  and  the  paper.  I  did 
not  go  into  detail  there.  The  maximum  expansion  that  I  ob- 
served on  the  brick  was  in  the  case  of  the  silica  brick  which  ex- 
panded about  a  quarter  of  an  inch  in  a  nine  inch  length.  Figur- 
ing from  the  spring,  if  the  area  of  the  brick  is  10  square  inches 
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and  you  have  a  load  of  50  pounds  per  square  inch,  the  total 
load  will  be  500  pounds.  This  is  a  200  pound  spring,  and  a 
compression  of  one-quarter  inch  in  its  length  would  mean  an 
increase  of  50  pounds  in  total  load  or  5  pounds  per  square  inch 
on  a  brick  with   10  square  inch  cross  section. 

DISCUSSION  CONTRIBUTED  AFTER  READING  THE  PAPER 

.1/)'.  Riddle:  I  do  not  agree  with  Air.  Shaw  in  his  belief  that 
the  load  should  be  decreased  as  the  specimen  fails.  In  the  case  of 
a  kiln  crown  settling  he  says  the  brick  fail  until  they  have  come  to 
some  condition  they  can  stand.  It  would  seem  to  me  that  they 
fail  until  they  have  been  sqtieezed  out  and  the  weight  of  the  crown 
rests  on  the  brick  which  would  have  not  yet  failed,  either  due  to 
being  cooler  or  of  better  grade.  If  all  the  brick  are  of  the  same 
grade  and  all  fail,  the  pressure  would  be  the  same  throughout  tlie 
entire  time  of  failure. 

.V  better  illustration  might  be  in  the  case  of  a  special  setting 
in  a  kiln.  A  very  heavy  porcelain  piece  set  on  a  firebrick  pier. 
If  this  piece  of  ware  was  supported  by  nothing  else  but  the  brick, 
and  they  started  to  fail,  it  would  be  very  unreasonable  to  suppose 
that  the  weight  of  the  piece  would  lighten  up  so  as  to  keep  the 
brick  from  flattening  out  and  letting  the  piece  down. 

Mr.  Beecher:  While  it  is  true  that  if  an  individual  fire  brick 
in  a  furnace  or  other  structure  at  elevated  temperatures  starts  to 
fail  it  will  continue  to  do  so  until  its  shortened  dimension  relieves 
it  of  part  of  its  initial  load,  it  should  not  be  over-looked  that  this 
decrease  in  the  load  on  one  brick  must  be  taken  up  by  the  adjacent 
brick  unless  failure  of  the  structure  occurs.  Assuming  that  all  of 
the  bricks  in  the  structure  are  of  equally  good  quality,  it  is  ap- 
parent that  the  reason  for  the  partial  failure  of  one  brick  is  due 
to  the  fact  that  it  carried  a  larger  initial  load,  or  is  subject  to  an 
excessive  local  heating.  One  or  both  of  these  conditions  can  and 
often  do  obtain,  for  construction  is  never  perfect  nor  temperatures 
absolutely  unifonn  in  commercial  practice.  In  a  furnace  per- 
fectly constructed  in  which  the  heat  is  uniformly  distributed,  there 
would  not  be  that  evidence  of  partial  failure  of  a  brick  here  and 
there,  to  which  Mr.  Shaw  refers.  These  partial  failures  result 
from  the  more  equal  distribution  of  the  load   (at  the  maximum 
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temperature,  of  course)  wliich  is  brought  -Jjout  by  the  sHght  soft- 
ening of  the  brick  due  to  heat. 

Mr.  Shaw's  method  of  test  is  unique  and  makes  available 
some  interesting  and  useful  data.  It  provides  a  better  means  of 
differentiating  between  low-grade  fire  brick  than  does  the  constant 
load  test,  insofar  as  there  is  less  tendency  for  the  sharp  and 
sudden  failure  which  the  autographic  records  obtained  in  the  last 
named  method  so  often  show.  It  would  appear  that  a  steadily 
decreasing  load  would  provide  better  curves  and  allow  of  closer 
comparisons  of  this  class  of  brick.  On  high  grade  brick  the  con- 
stant load  test  should  differentiate  more  distinctly.  As  an  ex- 
ample, take  two  bricks  which  under  constant  load- deform  O  and 
ys  in.  respectively.  Other  things  being  equal,  Mr.  Shaw's  method 
would  still  give  O  deformation  for  the  former,  but  would  cer- 
tainly show  less  than  yi  in.  for  the  latter. 

The  increase  in  load  attendant  upon  the  initial  expansion  of 
the  brick  which  this  method  obtains,  certainly  brings  the  test 
closer  to  actual  conditions  of  use.  This  is  an  important  factor 
in  the  life  of  firebrick  and  Mr.  Shaw  has  devised  a  very  simple 
and  unique  method  of  making  it  a  factor  in  the  test. 


PAVING  BRICK  FROM  BLAST  FURNACE  SLAG 

BV    J.    li.    SHAW 

The  idea  of  making  paving  brick  from  furnace  slag  has 
received  more  or  less  attention  for  many  years  by  those  engaged 
in  metallurgical  and  ceramic  research.  English  and  German  pat- 
ents dating  back  as  far  as  1835  deal  with  certain  phases  of  the 
subject,  and  since  that  time  a  great  many  more  patents  have 
been  taken  out.  This,  together  with  the  fact  that  our  Eastern 
cities  have  used  millions  of  these  brick  in  their  streets,  has  kept 
the  subject  constantly  before  the  American  steel  companies  and 
ceramists.  .Notwithstanding  this  fact,  American  literature  con- 
tains practically  nothing  dealing  with  the  subjects.  The  trans- 
actions of  this  Society  contain  the  only  work  of  importance  on 
this  line  that  has  come  to  the  writer's  attention.  The  first  article 
contains  a  description  of  work  done  by  Bleininger,  Brown  and 
Kinnison.  Volume  XV,  p.  547,  and  the  other  is  by  Montgomery 
and  Burdick,  Volume  XVIII,  p.  492.  These  investigators  con- 
fined their  work  entirely  to  synthetic  mixtures  in  the  laboratory, 
but  the  results  obtained  were  of  considerable  importance  in  that 
they  showed  the  possibilities  of  such  mi.xtures  and  stimulated 
thought  on  the  subject. 

The  apparent  dearth  of  literature  on  this  subject  would  nat- 
urally lead  to  the  conclusion  that  it  is  of  small  importance  and 
conseejuently  has  received  little  attention.  The  first  of  these 
conclusions  is  entirely  wrong,  the  second  is  true  in  a  certain 
sense.  A  great  amount  of  work  has  been  done  on  the  problem, 
but  it  has  been  neither  skillful  nor  thorough. 

-As  regards  the  importance  of  this  problem  a  few  figures  will 
be  enlightening.  Taking  Mr.  Unger's  statement.  \'ol.  XVIII,  p. 
911  for  the  quantity  of  slag  produced  in  the  United  States,  there 
is  something  like  16,000,000  tons  annually.  This  is  based  on 
33,000,000  tons  of  pig  iron  and  would  be  at  least  low  enough. 
Clinton  furnaces  in  1914  were  producing  300  tons  of  slag  per 
450  tons  pig  iron.     Slag  block,  the  size  of  clay  paving  block, 
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weigh  from  13  to  14  pounds  each  or  7  tons  per  1,000  blocks. 
This  shows  enough  slag  produced  to  make  two  million  thousand 
paving  blocks  and  leaves  two  million  tons  for  cement  which  would 
probably  supply  present  demands  for  such  purposes. 

As  to  the  quality  of  paving  brick  made  from  blast  furnace 
slag  Professor  Orton  has  testified  (Vol.  XVIII,  p.  911),  and  any 
one  seeking  further  proof  needs  only  to  journey  to  Washington 
or  Baltimore  and  see  bricks  in  the  street  that  have  been  there 
for  many  years  with  no  signs  of  wear  except  to  have  the  cor- 
ners rounded.  The  writer  has  made  rattler  tests  on  these  brick 
and  these  tests  bear  out  Professor  Orton's  statement.  The  rat- 
tler loss  will  average  10  to  12  percent. 

The  price  paid  for  these  brick  in  191 5  was  $35.00  and  up 
per  thousand.  At  this  rate  the  steel  companies  are  throwing 
over  the  dump  every  year  slag  which  if  it  could  be  converted  into 
paving  brick  would  yield  a  gross  income  of  70  million  dollars. 
Another  item  of  no  small  importance  enters  here,  namely  the  fact 
that  the  steel  companies  are  paying  good  money  to  get  rid  of  this 
slag.  In  many  districts,  notably  Pittsburgh,  the  blast  furnaces 
are  cramped  for  room,  and  there  being  no  place  to  dump  the  slag 
near  the  furnace,  the  railroads  haul  it  away.  In  past  years  they 
have  been  glad  to  get  it  for  filling  and  ballast,  but  the  need  for  it 
has  practically  disappeared,  and  they  have  placed  a  charge  of  20 
cents  per  ton  for  disposing  of  it.  The  interstate  commerce  com- 
mission was  asked  for  a  ruling  on  the  subject,  but  the  writer 
has  not  learned  how  they  ruled.  This  does  not  apply  to  all  fur- 
naces, many  of  them  having  ground  near  the  plant  where  they 
dump  their  slag,  but  even  this  is  no  small  item  of  expense,  and  it 
would  seem  not  unreasonable  to  assume  that  the  slag  made  is 
costing  10  cents  per  ton  in  order  to  get  rid  of  it.  Adding  this 
to  the  above,  the  steel  companies  are  short  71/4  million  dollars. 
Assuming  the  price  of  these  brick  would  drop  50  percent,  there 
is  still  a  gross  income  of  36'/2  million  dollars  possible  annually. 

No  figures  are  available  on  the  cost  of  making  these  brick 
abroad,  but  the  writer  has  figured  costs  from  processes  used  in 
England  and  also  from  processes  he  has  evolved  in  America,  and 
the  maximum  figure  obtained  was  less  than  $7.00  per  1,000, 
assuming  the  slag  free.     This  figure  is  high,  and  it  is  probable 
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that  the  brick  can  he  made  for  $5.00  per  thousand.  Taking 
$7.00  per  1,000  for  cost  and  $17.50  per  i.ooo  for  selhng  price, 
the  net  profit  would  be  22^  milHon  dollars.  One  blast  furnace 
making  280  tons  of  slag  per  day  would  net  $178,000.00  annually. 
These  figures  should  he  suHicicnt  to  convince  one  of  the  iniport- 
ance-of  the  proposition. 

Previous  Work.  It  would  be  surprising  if  a  proposition 
of  this  size  should  escape  the  attention  of  the  steel  companies, 
especially  in  view  of  the  fact  that  there  has  been  many  efforts  to 
utilize  the  slag  in  other  ways.  The  fact  is  that  the  problem  has 
been  continually  under  investigation  at  different  blast  furnaces. 
The  investigators  have  been  chemists  and  foremen  and  ordinary 
laborers,  and  as  stated  above,  the  work  has  been  neither  skillful 
nor  thorough.  The  writer  has  visited  many  blast  furnaces  in  the 
United  States,  and  there  are  few  of  them  where  an  effort  has 
not  been  made  by  someone  to  make  brick  from  slag.  All  efforts 
of  which  the  writer  has  learned  have  resulted  in  failure;  but  if 
all  of  the  investigators  who  have  worked  on  this  problem  had 
given  the  results  of  their  labors  to  the  world,  there  would  be 
voluminous  literature  on  the  subject,  and  the  proper  solution 
would  have  been  reached  long  before  this. 

There  have  been  two  reasons  why  the  results  of  these  in- 
vestigations have  been  lost.  First,  the  feeling  that  the  work  was 
worthless  because  the  result  sought  was  not  obtained.  Second, 
the  policy  of  keeping  secret  such  work  in  the  hope  of  ultimate 
success  and  patent  protection.  However,  there  is  some  liter- 
ature extant  on  this  subject,  the  English  and  United  States  patent 
offices  containing  sufficient  "information"  to  enable  one  to  get 
a  fair  idea  of  it.  In  X'olume  XVIII,  pp.  10-91 1,  Mr.  Mont- 
gomery suggests  that  slag  from  pig-iron  furnaces  is  not  suit- 
able for  making  brick,  and  Mr.  Unger  substantiates  the  claim 
by  adding  that  brick  made  from  .Vmerican  slags  are  very  brittle. 
This  will  he  shiiwii  to  be  not  in  accordance  with  the  facts. 

The  writer's  attention  was  attracted  to  this  problem  by  the 
work  of  Bleininger,  Brown  and  Kinnison,  cited  above.  The 
field  seemed  to  offer  great  possibilities,  and  therefore  an  effort 
was  made  to  find  someone  who  was  willing  to  spend  some  money 
on  the  problem  and  at  the  same  time  could  secure  proper  facil- 
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ities  for  its  solution.  This  meant  access  to  blast  furnaces  with 
liberty  to  do  whatever  became  necessary  as  the  work  progressed. 
The  desired  combination  was.  found  in  the  Birmingham  Slag  Co. 
of  Birmingham,  Alabama,  who  controlled  a  large  part  of  the 
cold  slag  in  that  district  and  had  been  working  on  the  problem 
for  some  time. 

LABORATORY  WORK 

Before  going  south  some  preliminary  work  was  done  at  the 
Pittsburgh  Testing  Laboratory.  A  number  of  blast  furnaces 
were  visited  around  the  Pittsburgh  district,  and  it  was  found 
that  there  was  nearly  always  someone  around  the  plant  who 
had  some  first-hand  knowledge  of  the  problem.  The  informa- 
tion obtained  from  these  men  was  to  the  effect  that  brick  could 
not  be  made  from  their  slag  because  it  was  too  low  in  alumina. 

Referring  to  Tables  I  and  II,  the  first  three  slags  are 
given  by  Dr.  Passua,  Stahl  und  Eisen,  1910,  as  representing  the 
two  types  of  slag,  glassy  and  stony.  A  study  of  the  empirical 
formula  (figured  by  the  writer  from  the  analysis)  would  lead 
the  ceramist  to  conclude  that  the  difference  in  physical  structure 
is  not  due  to  chemical  make-up  but  rather  to  the  cooling  treat- 
ment. Anyone  of  these  three  slags  can  be  made  glassy  or  stony 
by  adjusting  the  rate  of  cooling. 

Comparing  Nos.  4,  5  and  6  with  Nos.  8,  9  and  10  it  will  be 
seen  that  the  slags  of  the  Pittsburg  district  are  very  similar  to 
those  of  the  Birmingham  district. 

The  English  brick  stands  in  a  class  by  itself  chemically,  be- 
ing distinctly  higher  in  alumina  and  lower  in  lime  than  any  slag 
shown  here.  So  far  as  the  writer  has  been  able  to  learn,  there 
is  only  one  slag  made  in  the  United  States  that  is  similar  to  the 
English  slag,  such  a  slag  is  being  made  at  the  Sparrows  Plant 
of  Pennsylvania  Steel  Co.  (now  controlled  by  Bethlehem  Steel 
Co.)  No  analysis  of  this  slag  is  available,  but  the  writer  has 
seen  analyses  of  it  and  knows  it  to  run  from  22  to  28  percent 
alumina.    The  ore  used  at  this  plant  comes  from  Cuba. 

With  this  information  at  hand,  the  following  mixtures  were 
melted,  in  order  to  get  an  idea  of  the  possibility  of  remelting  the 
slag  and  making  addition  to  it  to  obtain  the  desired  product. 
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The  slug  used  was  ground  to  a  line  powder,  and  the  addi- 
tions made  in. powdered  form  using  pure  materials.  Two  hun- 
dred gram  batches  were  melted  in  a  small  gas-fired  furnace  using 
fire  clay  crucibles. 


CARRIE   FURNACE  SLAG 


NO. 

CRAMS    SLAG 

siOa 

AljOs 

cacoa 

MgCOj 

1 

100 

5 

2 

100 

10 

3 

100 

7.5 

4 

100 

15.0 

5 

100 

7.5 

9 

6 

100 

15.0 

9 

7 

100 

7.5 

12 

8 

100 

15.0 

12 

9 

100 

These  were  melted  at  1300°  to  1350°  C.  and  poured  out  into 
molds  when  sufficiently  fluid.  No  great  difference  in  fluidity  or 
fusibility  was  observed  except  in  the  case  of  Numbers  5  and  6, 
neither  of  which  would  pour  out  of  the  crucible  at  the  temper- 
ature. 

.\1I  these  mixtures,  when  poured  into  molds  and  cooled 
rapidly  to  atmospheric  temperature,  are  glassy  throughout. 
Samjjles  of  each  were  replaced  in  the  furnace  and  heated  up  to 
1000'^  C,  the  fire  turned  out,  and  the  furnace  cooled  to  atmos- 
pheric temperature  in  10  hours. 

Results,      Xos.    I    and   3.      Deformed    at    iOOO°C. 

No.  1.     Pdack  and  stony  throughout. 

No.  2.     Black  glass  with  a  few  small  crystals. 

No.  3.      I-i.ght  gray  and  higlily  crystalline  but  less  sn  than 


No.  I. 


No.  4.     Glassy  with  considerable  crystalline  matter. 

Nos.  5  and  6.     Stony,  not  melted. 

No.  7.     Glass  throughout. 

No.  8.     Glassy  with  a  few  crystals  in  the  mass. 

No.  ().     Glassy  with  a  few  crystals  in  the  mass. 

This  series  indicates : 


512 


PAVING   BRICK    FROM    BLAST    FURNACE    SLAG 


1st.  That  the  physical  structure  of  the  product  is  greatly 
afifected  by  the  composition  and  the  rate  of  cooling. 

2nd.  SiOo  can  be  added  to  the  slag  and  still  get  a  stony 
structure. 

3rd.  Moderate  addition  of  ALO^  acts  very  much  like  a 
similar  addition  of  SiO,,  but  a  high  percentage  of  either  seems 
to  retard  crystallization. 

4th.  Addition  of  lime  makes  the  slag  very  much  more  re- 
fractory, but  the  same  equivalent  amount  of  MgCO.,  does  not 
materially  afifect  the  fusibility. 

5th.  The  results  indicate  that  any  of  these  could  be  con- 
verted to  stony  structure  by  proper  annealing. 

Another  series  was  melted  in  the  same  manner  as  the  above 
using  Clinton  furnace  slag.  The  formula  shows  this  series  to 
cover  quite  a  wide  area  although  a  few  mixtures  were  made. 
SiOj  and  AUOj  vary  independently  and  also  together  in  high 
lime  series,  and  independently  in  the  magnesia  series. 


CLINTON   FURNACE  SLAG 


.0. 

SLAG 

MgCOj 

siOa 

grams 

grams 

grams 

grams 

1 

1(10 

13 

0 

0 

2 

100 

2{i 

0 

0 

.s 

100 

39 

0 

0 

4 

100 

0 

0 

6 

5 

100 

0 

0 

12 

6 

100 

0 

0 

18 

7 

100 

TO 

60 

0 

8 

100 

70 

60 

10 

9 

100 

70 

60 

20 

10 

100 

0 

60 

30 

11 

100 

0 

60 

40 

12 

100 

0 

60 

50 
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FORMULAE 


NO. 

cao 

MgO 

(Al20y4  FCjOa)       1              si02 

1 

po 

10 

.19 

70 

2 

90 

10 

.24 

80 

3 

90 

10 

.29 

90 

4 

9 

10 

.14 

70 

0 

90 

10 

.14 

80 

6 

90 

10 

.14 

90 

7 

52.6 

47.4 

.24 

68 

8 

52.6 

47.4 

.24 

78 

9 

52.6 

47.4 

.24 

88 

10 

52.6 

47.4 

.08 

64 

11 

52.6 

47.4 

.08 

74 

12 

52.6 

47.4 

.08 

84 

Results.  This  series  was  melted  exactly  as  the  preceding. 
When  poured  and  allowed  to  cool  rapidly  to  atmospheric  tem- 
perature, all  are  glassy,  practically  no  crystallization.  When 
annealed  in  the  furnace  as  described  above  all  show  some  crys- 
tallization. 

Entirely  crystalline. 
Almost  entirely  crystalline. 
Almost  entirely  crvstalline,  about  like  Nos. 


Nos.  9  and  12. 
Nos.  3  and  6. 
Nos.  8  and  1 1. 
3  and  6. 

Nos.  2  and  5. 
Nos.  7  and  10. 
Nos.  I  and  4. 


Largely  glass  but  some  crystals. 
Largely  glass  but  soma  crystals. 
Almost  entirely  glass  with  a  tew  crystals. 

This  series  indicates : 

1st.  Increasing  SiO^  content  of  this  slag  promotes  crys- 
tallization on  cooling. 

2nd.  The  magnesium  slags  crystallize  more  readily  than 
those  low  in  MgO  and  high  in  lime. 

3rd.  High  ALO3  has  not  increased  the  amount  of  crystals, 
but  there  is  a  distinct  and  very  important  difference  between  the 
crystals  in  the  high  and  low  Al.^Oj  slags.  In  those  high  in 
AUO3  they  are  very  small  and  granular.  Numbers  10.  1 1  and 
12  where  crystalline,  have  a  stony  fracture  looking  much  like 
the  English  brick  or  a  limestone,  while  Nos.  7,  8  and  9  are 
coarsely  crystalline.     This  indicates  that  the  AUO3  perfonns  an 
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important  function  in  (k-termining  the  crystalline  structure  of  the 
product. 

It  was  desired  to  pursue  this  line  of  investigation  farther, 
but  time  would  not  jjermit.  However,  the  chief  information 
sought  had  been  obtained,  the  two  series  having  shown  that  a 
very  great  variety  of  products  can  be  obtained  from  the  same 
slag  by  making  reasonable  modifications  in  its  composition  and 
varying  the  heat  treatment.  The  melting  temperature  will  be 
from  1300^0.  to  1400'^C.,  and  the  furnace  linings  will  be  very 
rapidly  destroyed. 

WORK  AT  THE  BLAST  FURNACE 

At  this  point  the  scene  of  operations  was  shifted  to  Bir- 
mingham, and  hot  slag  direct  from  the  blast  furnace  was  used. 
A  furnace  was  built  similar  to  the  enameler's  frit  furnace,  of  100 
pounds  capacity.  Kerosene  oil  was  used  as  fuel  burned  with 
steam  blast.  No  difficulty  was  experienced  in  getting  sufficiently 
high  temperatures,  but  it  was  expensive  fuel.  The  furnace  was 
built  up  near  the  blast  furnace  where  slag  could  be  ladled  out 
of  the  runners  as  it  flowed  to  the  slag  pots  and  poured  directly 
into  the  frit  furnace. 

Charging  the  Furnace.  Since  it  was  necessary  to  handle 
the  slag  while  in  the  molten  state  it  was  not  possible  to  do  very 
accurate  weighing,  and  some  scheme  had  to  be  devised  whereby 
the  Cjuantity  of  slag  used  could  be  measured.  A  ladle  of  20- 
pound  capacity  was  used,  but  it  was  not  possible  to  handle  this 
quantity  neither  was  it  possible  to  pour  all  the  slag  out  when  it 
was  full,  because  of  the  crust  forming  on  the  edge.  After  a  few 
trials  of  dipping  a  convenient  amount  to  handle  and  pouring  and 
weighing,  it  was  found  that  a  fair  estimate  could  be  made  of  the 
quantity  of  slag  poured.  The  error  would  not  exceed  10  per- 
cent, and  inaccurate  as  this  was,  it  seemed  the  only  practical 
method  of  working  and  therefore  was  adopted. 

The  furnace  was  heated  up  to  i2oo°C.  before  charging, 
and  when  the  slag  came  down  the  runner  from  the  blast  furnace 
it  was  ladled  out  and  poured  into  the  frit  furnace.  The  addition 
of  raw  material  was  made  while  pouring  the  slag  into  the  fur- 
nace. 
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Melting.  The  additimi  of  an\-  of  ihe  raw  materials  used 
set  u\)  a  vigorous  reaction  causing  the  batch  to  boil  vigorously 
for  ;i  few  minutes,  but  it  soon  settled  down  to  quiet  fusion,  and 
at  no  time  was  more  than  30  minutes  required,  after  charging 
the  furnace,  to  get  the  charge  ready  to  cast.  The  charge  used 
was  usually  50  pounds  of  slag  plus  the  raw  materials. 

Casting.  When  the  charge  was  ready  to  cast,  the  molds 
were  set  under  the  spout  of  the  furnace  and  on  rollers  so  that 
when  one  mold  was  full  the  next  could  be  pulled  into  position 
under  the  spout ;  the  slag  continued  to  flow  until  all  was  out  of 
the  furnace.  At  this  point  it  should  be  said  that  three  different 
furnaces  were  built  before  a  single  brick  was  cast.  The  first 
one  of  the  frit  furnace  type  had  a  deep  chamber  2  ft.  by  2  ft.  by 
6  in.  When  the  slag  was  ready  to  cast  and  the  plug  knocked 
out,  the  hole  promptly  filled  up  with  congealed  slag,  and  no 
amount  of  heat  in  the  furnace  would  induce  the  slag  to  run  out 
of  it.  After  dipping  the  slag  out  to  leave  a  depth  of  only  i  or  2 
inches  on  the  bottom,  it  could  be  induced  to  flow.  This  furnace 
was  remodeled  making  a  long  narrow  chamber  4  ft.  by  i  ft.  by 
4  in.  This  was  some  better  but  not  satisfactory.  The  next  and 
last  furnace  was  made  with  a  chamber  8  in.  deep  at  one  end  and 
tapering  up  to  zero  at  the  tap  hole.  It  was  18  in.  wide  by  2  ft. 
long.  The  furnace  was  pivoted  so  it  could  be  tilted  when  ready 
to  pour.  This  worked  very  satisfactorily.  The  reason  for  these 
failures  was  the  assumption  that  slag  could  be  handled'like  glass 
or  enamels.  They  also  indicate  quite  plainly  that  the  fuel  bill 
in  melting  slag  will  be  nnich  greater  than  in  melting  either  glass 
or  enamel. 

Annealing.  The  annealing  furnace  was  made  of  con- 
venient size  to  hold  50  or  60  brick,  and  was  heated  with  coal.  It 
was  a  semi-muffle  with  a  chamber  12  in  by  12  in.  by  4  ft.  long. 
This  also  was  the  outgrowth  of  a  number  of  different  types 
which  had  failed  to  give  desired  results.  These  are  mentioned 
later. 

Modifications  of  Slag.  The  slag  made  during  the  first 
experiments  was  No.  8.  Tables  I  and  II.  Additions  of  5,  10 
and  15  and  20  percent  of  silica  were  made  in  the  form  of  clean 
.s'lnd.     The  eit'ect  produced  on  the  fluidity  of  the  slag  was  not 
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great,  but  the  character  of  the  finished  product  was  (hstinctly 
diliferent.  The  high  siHca  product  was  more  easily  annealed  to 
a  tough  brick,  but  by  properly  adjusting  the  annealing  treatment, 
that  is,  time  and  temperature,  all  of  these  mixtures  were  con- 
verted into  fairly  tough  brick. 

Additions  of  iron  oxide  to  the  slag  in  amounts  of  5,  10,  15 
and  20  jiercent  were  now  made.  It  was  thought  that  iron  oxide 
would  ])robably  act  similar  to  alumina.  The  effect  of  iron  oxide 
on  the  fusibility  of  the  slag  is  very  marked,  all  additions  up  to 
20  percent  increasing  fusibility  and  making  the  slag  flow  at  com- 
paratively low  temperature.  Furthermore  the  iron  oxide  does 
make  the  finished  product  very  tough  and  easily,  annealed  into  a 
satisfactory  product. 

Mixtures  of  iron  oxide  and  silica,  half  and  half,  were  now 
added  to  the  slag  in  amounts  of  5,  10,  15  and  20  percent.  The 
result  here  is  similar  to  that  obtained  by  using  iron  oxide  alone. 
The  brick  have  a  wide  range  of  annealing  treatment  in  which 
good  products  can  be  obtained.  One  great  objection  to  this 
product  is  its  color.  Obviously  the  brick  will  be  black,  a  fact 
which  makes  it  objectionable.  The  toughest  brick  by  this  method 
was  made  by  adding  10  percent  Fe,03-t-io  percent  SiO,  to  the 
slag.  These  brick  were  fully  as  tough  as  any  English  brick  the 
writer  has  tested.  No  rattler  test  was  made  on  them,  but  they 
were  tested  with  a  hammer  along  with  English  brick  and  shale 
paving  brick.  Although  accurate  comparison  in  mathematical 
terms  cannot  be  made  by  this  method,  it  is  easily  possible  to  dis- 
tinguish between  good  and  bad,  tough  and  brittle. 

E.xperiments  and  results  up  to  this  point  led  to  the  conclu- 
sion that  the  product  obtained  depends  more  upon  the  annealing 
treatment  than  on  the  composition  of  the  slag.  It  has  been  shown 
that  the  question  whether  the  product  will  be  glassy  of  stony 
depends  upon  the  annealing  treatment.  This  condition  continues 
to  govern  the  nature  of  the  product  after  it  has  received  proper 
treatment  to  give  it  a  stony  fracture.  It  is  not  difficult  to  obtain 
a  stony  structure,  but  the  problem  of  getting  a  tough  stony 
product  rather  than  a  brittle  one  is  where  the  secret  of  the  whole 
matter  lies. 

It  was  further  concluded  as  a  result  of  the  work  so  far  done 
that  it  is  possible  to  make  a  good  product  by   modifying  the 
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iT)nipi).>iti(iii  of  the  slajj,  hut  the  economic  value  of  the  process 
is  \  cry  douhtful.  The  fuel  required  even  when  the  slag  is 
ohtaineil  in  the  molten  state  will  be  very  high,  and  furthermore 
it  would  he  practically  impossible  to  maintain  refractory  furnaces 
for  such  a  process.  In  view  of  these  facts,  the  line  of  investi- 
gation was  changed  entirely.  The  ])roblem  resolved  itself  into 
one  of  taking  the  slag  as  it  came  from  the  blast  furnace  and 
making  a  brick  of  it  without  any  change.  This  is  the  method 
used  in  England  and  which  has  been  tried  so  often  in  America 
with  failure. 

Brick  From  Slag  Alone.  .Attention  was  now  focused 
upon  the  problem  of  so  treating  the  slag  after  casting  as  to  con- 
vert it  into  a  tough  brick.  The  slag  was  dipped  from  the  runner 
and  ])oured  direct  into  the  brick  molds.  The  resulting  bricks 
were  annealed  by  various  methods  and  in  various  types  of  fur- 
naces. The  method  of  piling  the  hot  brick  in  a  furnace  and 
allowing  to  cool  slowly,  which  is  used  in  England,  was  tried 
witliout  success.  This  furnace  was  heated  to  900°C.  before 
charging  with  brick  and  then  cooled  to  atmospheric  temperature 
at  various  rates  requiring  from  5  hours  to  60  hours  but  no  good 
brick  were  obtained.  All  were  brittle,  and  most  of  them  broken 
to  pieces.  Another  result  of  this  treatment  was  to  granulate  the 
slag  on  the  surface,  sometimes  penetrating  to  the  center  of  the 
brick,  giving  a  brick  when  cold  that  weighed  less  than  one  pound. 
(The  French  sometimes  granulate  their  slag  by  blowing  a  blast 
of  cold  air  against  it  instead  of  cold  water.) 

The  next  step  was  to  bury  the  brick  in  sand  (as  described 
in  many  patents)  and  allow  them  to  cool  there.  This  gives  good 
results  on  English  slags,  but  it  can  be  made  to  give  results  on 
American  slags  only  by  absolute  control  of  the  rate  of  cooling. 
It  was  adopted  and  used  very  satisfactorily.  Of  the  brick  ob- 
tained by  this  process  some  would  fall  to  small  fragments  when 
cold,  others  had  cracks  penetrating  some  distance  but  would  stand 
some  hammering.  Some  perfectly  sound  when  cold,  showing 
very  tough,  when  allowed  to  stand  for  4  days  would  then  begin 
to  dust,  just  like  Portland  cement  clinker  and  in  a  day  or  two 
would  be  nothing  but  in  impalpable  powder.  But  many  were 
made  that  were  as  tough  as  the  English  brick.  Slags  Nos.  9 
and  10  are  analyses  made  from  two  brick,  one  of  which  dusted 
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to  a  fine  powder,  the  other  (No.  9)   was  still  sound  and  tough 
when  last  seen  by  the  writer,  several  months  after  making. 
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Having  repeatedly  made  good  tough  brick  from  both  types 
of  Birmingham  slag,  it  was  concluded  that  the  Pittsburgh  slag 
would  offer  no  insurmountable  difficulty,  as  they  are  similar  to 
those  in  the  Birmingham  district.  The  Sparrows  Point  slag, 
mentioned  above,  being  radically  different  from  these  slags,  the 
scene  of  operations  was  shifted  to  that  plant.  No  difficulty  was 
encountered  here.  In  just  ten  days  after  arriving  on  the  plant 
a  furnace  was  built,  a  set  of  molds  made  and  a  set  of  six  brick 
turned  out  which  were  pronouncfd  O.  K.  by  all  who  insi)ected 
them. 

SUMMARY 

It  is  not  claimed  that  the  last  word  has  been  said  here  on 
this  problem,  neither  is  it  claimed  that  everything  has  been  learned 
that  is  to  be  known  about  the  problem.  The  work  outlined  here 
only  covered  a  periotl  of  six  months,  and  much  of  that  time  was 
spent  in  building  furnaces.  But  it  is  claimed  that  the  possibility 
of  using  American  slags  for  making  paving  brick  has  been  ])roven 
without  the  possibility  of  a  doubt. 

It  has  been  shown  further  that  these  slags  can  be  modified 
by  the  use  of  iron  oxide  and  made  into  good  tough  brick,  but 
these  will  be  black  brick  which  is  an  objectionable  feature.  The 
work  could  be  done  in  something  like  tank  furnaces  for  melting 
glass,  but  the  process  would  be  very  costly  and  of  doubtful  eco- 
nomic value. 

The  melting  of  the  cold  slag,  millions  of  tons  of  which  are 
available  is  out  of  the  question. 

The  Future  of  Slag  Brick.  This  question  is  of  very  se- 
rious import  to  the  manufacturers  of  clay  paving  brick.  That 
the  slag  now  being  wasted  will  be  converted  into  paving  brick 
in  the  future  seems  to  the  writer  certain.  The  cost  of  making 
them  will  not  exceed  $7.00  per  1000  and  probably  not  S5.00  per 
1000.  How  soon  this  will  come  depends  entirely  upon  the  steel 
companies  and  the  future  economic  condition  of  the  steel  bus- 
iness. The  question  rests  entirely  with  the  companies  which  con- 
trol the  slag.  No  independent  company  would  be  justified  in 
starting  this  business  unless  they  could  monopolize  a  very  large 
amount  of  slag,  for  competition  of  the  steel  companies  would  im- 
mediatelv  follow  with  disastrous  results. 
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But  the  time  will  come  when  the  steel  companies  will  find 
it  necessary  to  utilize  their  slag.  The  European  war  will  not  last 
forever,  and  dull  times  are  sure  to  come  for  the  steel  business, 
and  when  that  comes  slag  brick  will  be  made.  The  fact  that  it 
has  not  already  been  done  is  one  of  the  indications  of  great  profits 
and  resultant  wastefulness  of  the  steel  business  in  the  United 
States. 

Rattler  Test.  Figure  i  shows  the  result  of  a  test  made 
on  the  section  from  the  end  of  a  brick  made  from  slag  No.  8. 
The  brick  was  made  in  May,  1915,  and  the  test  made  in  Feb- 
ruary, 1917.  No  apparatus  was  available  for  making  these  tests 
where  the  brick  were  made,  and  when  opportunity  was  found 
for  testing,  all  samples  had  disappeared  except  some  small  frag- 
ments not  large  enough  to  give  satisfactory  tests. 

The  test  made  was  substantially  the  same  as  that  made  by 
Montgomery  and  Burdick.  In  fact  the  same  ball  mill  was  used. 
The  shale  block  was  a  well  vitrified  block  of  well  known  make. 
All  edges  were  rounded  on  the  emery-  wheel  before  testing,  and 
the  briquettes  were  weighed  every  hour. 

The  curve  shows  that  this  slag  block  is  not  only  superior  to 
shale  block,  but  that  it  ranks  well  with  the  English  slag  block. 
Assuming  that  the  shale  block  would  lose  25  percent  in  the  stand- 
ard rattler,  this  slag  block  would  lose  about  8  percent  figured 
on  the  basis  of  the  test. 

DISCUSSION 

Mr.  Orton  :  I  would  like  to  ask  Mr.  Shaw  if  he  would  mind 
giving  us  a  statement  of  what  the  annealing  conditions  are  that  he 
finds  necessary  to  develop  good  structure?  I  had  a  couple  of 
boys  work  on  a  slag  thesis  some  years  ago  and  we  reached  the 
same  conclusion. 

Mr.  Shaic:  As  I  said,  I  have  not  learned  all  about  it  yet, 
but  I  have  learned  enough  to  convince  me  that  it  is  easily  possible 
— in  the  annealing  of  these  bricks  in  England  they  throw  them 
into  a  kiln  and  let  the  kiln  cool  gradually.  That  will  not  work 
on  American  slag.  I  have  tried  that  method  as  outlined  in  the 
paper.  I  did  not  go  into  it  in  detail,  but  the  reason  for  failure  is 
that  the  atmosphere  granulates  American  slag.    The  French  gran- 
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ulate  their  slag  very  often  by  blowing  a  stream  of  cold  air  against 
it  instead  of  cold  water,  and  that  is  what  happens  when  you  try  to 
make  brick  from  American  slag  by  the  English  method.  It  is 
necessarv'  to  anneal  them  where  the  air  does  not  come  in  contact 
with  them,  and  to  catch  them  at  the  right  temperaiire  and  not 
allow  them  to  cool  below  a  certain  critical  point  suddenly.  In 
other  words,  it  is  necessary  to  put  the  brick  into  a  furnace,  the 
temperature  of  which  is  the  softening  temperature  of  the  brick, 
and  hold  the  brick  at  that  temperature  until  it  has  become  uni- 
form from  inside  to  out,  otherwise  a  hard  crust  will  form  on  the 
outside. 


AN    INSTRUMENT    FOR    MEASURING    PLASTICITY 

BY    WARKF.N    K.    EM  LEV 

Plasticity  is  one  of  the  main  factors  in  determining  the 
value  of  a  hme.  It  is,  therefore,  imperative  that  the  lime  in- 
dustry be  provided  with  a  means  of  measuring  plasticity.  For 
several  years  past,  the  Bureau  has  been  studying  this  question, 
with  an  idea  of  designing  an  instrument  which  would  do  the 
work.  The  progress  of  this  study  can  be  followed  in  detail  by 
reference  to  the  following  papers : 

The  Plunger  \'iscosimeter   (Results  of  Testing  Lime). 

Trans.  Nat'l  Lime  Mfrs.  Assn. —  1913. 
Tlie  Clark  Viscosimeter. 

Trans.  Arner.  Ceramic  Society — 1913- 
The  Compressive  Method  of  Measuring  Plasticity. 

Trans.  Nat'l  Lime  Mfrs.  Assn.—  191 5. 
Deformation    of    Plastic    Bodies   Under   Compression   as   a 
Measure  of  Their  Plasticity. 

Trans.  Amer.   Ceramic  .Society — 1915. 
The  Compressive  Method  of  Measuring  Plasticity. 

Trans.  Nat'l  Lime  Mfrs.  Assn. —  1916. 
Method  for  Measuring  the  Working  Quality  of  Lime  Mor- 
tars. 

Trans.  Nat'l  Lime  Mfrs.  Assn. —  1916. 

As  a  result  of  this  extended  investigation,  we  have  arrived  at 
a  clearer  conception  of  the  meaning  of  plasticity,  at  least  as  ap- 
plied to  wall  plasters.  If  this  conception  is  correct,  then  the  ma- 
chine which  we  now  bring  to  your  attention  is  theoretically  sound. 
The  work  which  has  been  done  with  it  shows  that  its  results  are 
correct  from  a  practical  viewpoint. 

The  final  word  in  judging  the  plasticity  of  a  wall  plaster  is 

always  left  to  the  man  with  the  trowel.    The  idea  was  conceived 

that  if  the  man  could  be  replaced  by  a  machine  so  designed  that 

the  forces  actuating  the  trowel  could  be  measured,  that  the  rela- 
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live  magnitudes  of  these  forces  would  be  indicative  of  tlie  plas- 
ticity of  the  material.  Instead  of  moving  the  trowel  over  the 
plaster,  it  was  found  mechanically  simpler  to  design  a  machine 
which  would  move  the  plaster  over  the  trowel,  the  results,  of 
course,  being  the  same  in  either  case. 

When  spreading  a  plaster  on  a  wall,  the  trowel  is  so  held 
that  it  makes  an  angle  of  io°  to  15°  with  the  plane  of  the  wall. 
The  force  applied  to  the  trowel  is  thereby  divided  into  two 
components,  one  acting  parallel  to  the  wall  —  the  other  acting 
normal  to  it. 

In  this  instrument,  the  trowel  is  represented  by  a  conical 
disk,  which  is  mounted  point  downwards  on  a  vertical  shaft. 
The  side  of  the  cone  makes  an  angle  of  10°  with  the  horizontal, 
corresponding  to  the  angle  between  the  trowel  and  the  wall. 

The  wall  is  represented  by  a  disk  of  plaster  of  Paris  of 
known  absorption.  It  is  mounted  on  the  upper  end  of  a  verti- 
cal shaft,  directly  below  and  concentric  with  the  cone.  This 
shaft  is  threaded  and  runs  thru  a  fixed  nut.  As  the  shaft 
revolves,  the  wall  (or  disk)  is  forced  against  the  trowel  (or 
cone)  with  a  spiral  motion.  It  presses  vertically  upwards 
against  the  cone  in  a  manner  analogous  to  that  component  of 
the  force  exerted  by  the  trowel  which  acts  normal  to  the  wall. 
The  turning  motion  moves  the  disk  over  the  face  of  the  cone 
bringing  into  play  that  component  of  the  force  which  is  parallel 
to  the  wall. 

The  cone  is  so  mounted  that  either  of  these  forces  is  able 
to  cause  motion  independently  of  the  other.  Any  motion  of 
the  cone  is  transmitted  thru  a  system  of  levers  to  one  of  two 
bars,  which  are  suspended  like  pendulums,  and  causes  the  bar 
to  swing  out  of  its  originally  vertical  position.  The  greater 
the  angle  through  which  the  bar  is  moved,  the  greater  will  be 
the  force  of  gravity  tending  to  return  it  and  the  cone  to  their 
original  positions.  It  follows,  therefore,  that  if  a  constant 
force  tends  to  cause  motion  of  the  cone,  the  bar  will  swing  out 
until  the  force  of  gravity  acting  on  the  bar  is  in  equilibrium 
with  the  force  acting  on  the  cone.  When  this  condition  has 
been  attained,  both  the  cone  and  the  bar  become  stationary, 
and  the  force  acting  on  the  cone  is  directly  proportional  to  the 
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sine  of  the  angle  thru  which  the  bar  lias  moved.  The  bars  are 
graduated  and  provided  with  bobs  which  can  be  moved  up  or 
down  thus  decreasing  or  increasing  the  force  required  to  pro- 
duce a  given  angular  deflection. 

Calculating  from  the  dimensions  of  the  instrument  as  at 
present  designed,  we  find  the  following  relations . 

zf  =  1 . 6  +  2/  .  42  sin  a  +  4 .  65  /  sin  a. 

t  =  g.2g  sill  a-\-  1 .  577  /  sin  a. 

V  =  vertical  force  acting  on  cone,  in  grams  per  sq.  cm. 

t  =  tangential  force  acting  on  cone,  in  grams  per  sq.  cm. 

a  =  angle   which    the    respective    bar    makes    with    vertical. 

/  =  distance  from  jioini  of  support  of  bar  to  top  of  bob, 
in  cms. 

The  independent  term  in  the  first  etjuation  is  caused  by  the 
weight  of  the  cone  itself. 

If  a  sample  of  jjlaster  is  molded  on  the  disk,  and  is  driven 
against  the  cone  at  a  constant  speed,  the  two  bars  will  assume 
definite  positions.  From  these  positions,  the  two  forces  acting 
on  the  sample  may  be  calculated  by  means  of  the  above  for- 
mulae. The  vertical  force  corresponds  to  that  component  of 
the  force  actuating  a  trowel,  which  is  normal  to  the  wall,  the 
tangential  force  corresponds  to  the  component  parallel  to  the 
wall.  The  machine  is,  therefore,  capable  of  measuring  inde- 
pendently the  different  forces  which  are  applied  to  a  trowel. 

In  the  first  series  of  experiments,  the  disk  was  made  of 
non-absorbent  material,  1.  c,  plaster  of  Paris  boiled  in  paraffin. 
The  behavior  of  a  sample  on  this  surface  is  analogous  to  the 
application  of  a  scratch  coat  on  burned  clay  tile. 

The  first  question  which  arose  w'as  "what  consistency 
shall  be  used?"  A  number  of  samples  of  a  lime  mortar  were 
made  up  to  dififerent  consistencies  and  tested,  and  the  tan- 
gential forces  were  plotted  against  the  vertical  forces.  It  was 
found,  as  was  to  be  expected,  that  the  thicker  the  paste  the 
greater  were  the  values  of  both  forces.  It  was  entirely  unex- 
pected, howQver,  to  find  that,  as  the  consistency  became  thicker. 
both  forces  increased  in  the  same  proportion,  so  that  the 
ratio  between  them  is  a  constant  and  is  independent  of  the 
consistencv. 
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This  ratio  of  tangential  force  divided  by  vertical  force  cor- 

force  parallel  to  the  surface, 

responds  to   and  is,  by  definition, 

force   normal   to  the   surface 

the  coefficient  of  friction.  It  follows,  therefore,  that  the  coef- 
ficient of  friction  between  the  trowel  and  the  plaster  is  inde- 
pendent of  the  consistency  of  the  plaster  (on  a  non-absorbent 
surface).  When  using  the  machine,  it  is  not  necessary  to  make 
up  the  sample  to  any  definite  consistency ;  it  is  necessary  only  that 
the  consistency  be  such  that  readings  can  be  taken  on  both  the 
vertical  and  tangential  forces  at  the  same  time. 

From  the  above  reasoning,  it  will  be  seen  that  if  the  ratio 

tangential  force 

of   the is   high,   the  material   is   stickv.     These 

vertical  force 

ratios,  for  neat  lime  pastes,  are  found  to  run  from  about   i.oo 

for  the  most  plastic  to  about   1.50  for  the  stickiest. 

It  has  long  been  known  to  the  trade  that  a  sticky  lime  can 
be  improved  by  the  addition  of  sand.  Experiments  with  this 
machine  show  that  the  addition  of  increasing  proportions  of 
sand  causes  a  regular  decrease  in  the  value  of  the  coefficient 
of  friction,  and  hence,  in  the  stickiness.  A  sticky  lime,  having 
a  coefficient  of  1.50  for  the  neat  paste  will  require  the  addition 
of  about  five  parts  of  sand  to  reduce  this  coefficient  to  i.oo. 

Obviously,  this  is  a  logical  definition  of  the  sand  carrying 
capacity  of  a  lime.  It  is  necessary  only  to  decide  that  a  mor- 
tar for  a  given  purpose  shall  have  a  certain  definite  coefficient 
of  friction.  A  few  experiments  with  the  machine  will  deter- 
mine accurately  how  much  sand  must  be  added  to  a  given  lime 
to  produce  a  mortar  of  the  required  coefficient.  This  propor- 
tion of  sand  may  be  designated  the  sand  carrying  capacity  of 
the  lime.  Since  it  depends  upon  the  plasticity  of  the  mortar, 
this  definition  is  in  closer  agreement  with  practice  than  those 
heretofore  put  forth  which  used  the  strength  of  the  mortar  as 
the  criterion. 

It  is  apparent  that  the  quantity  of  sand  which  must  be 
added  to  a  given  lime  to  produce  a  mortar  of  a  given  co- 
efficient will  depend  upon  the  quality  of  the  sand.  Bv  the  use 
of  a  standard  lime,  it  is  perfectly  possible  to  reverse  the  above 
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process  and  measure  the  lime-carrying  capacity  of  different 
sands.  This  will  give  definite  information  as  to  the  compara- 
tive values  of  sands  for  plastering  purposes. 

The  above  line  of  reasoning  is  true  only  when  the  plaster 
is  applied  to  a  non-absorbent  surface.  When  the  plaster  is 
used  for  either  the  brown  or  the  finish  coat,  the  absorptive 
power  of  the  base  coat  must  be  considered.  That  is  to  say,  a 
lime  may  be  beautifully  plastic  when  used  as  a  scratch  coat  on 
vitrified  tile,  but  when  an  attempt  is  made  to  follow  up  with  a 
brown  coat  of  the  same  material,  it  may  be  found  that  the 
scratch  coat  will  suck  the  water  out  of  the  brown  coat  so 
rapidly  that  the  latter  cannot  be  worked  at  all. 

The  absorbent  surface  is  represented  in  the  machine  Ijy  a 
plaster  of  Paris  disk  without  the  paraffin.  A  sample  molded 
on  such  a  disk  is  found  to  behave  quite  differently  than  it 
would  on  a  non-absorbent  surface.  Both  the  vertical  and 
tangential  forces  are  functions  of  the  time,  because  the  sam- 
ple is  constantly  losing  water  to  the  disk,  its  consistency  is 
growing  continuously  thicker,  and  the  forces  larger.  The 
vertical  force  increases  nearly  as  a  straight  line  function  of  the 
time  (at  least  with  lime  mortars).  This  is  because  the  layer 
of  material  in  contact  with  the  disk  loses  its  water  and  ad- 
heres strongly  to  the  disk.  This  prevents  the  specimen  from 
spreading  out  laterally,  and  hence  from  any  measurable  defor- 
mation vertically.  The  specimen  is  to  all  intents  a  rigid  body, 
which  transmits  the  vertical  movement  of  the  disk  undimin- 
ished to  the  cone.  With  the  tangential  force,  however,  the  case 
is  different.  This  has  to  do  with  the  motion  of  the  cone  over 
the  upper  surface  of  the  specimen,  whereas  the  suction  of  the 
disk  is  applied  to  the  lower  surface.  An  increase  in  the  tan- 
gential force  will  be  caused  by  a  thickening  of  the  consistency 
of  that  layer  of  material  which  is  in  direct  contact  with  the 
cone,  and  this  is  dependent  upon  the  rapidity  with  which  water 
can  percolate  from  this  layer,  through  the  specimen,  into  the 
disk.  When  testing  limes  noted  for  their  plasticity,  it  was 
found  that  the  tangential  force  remained  constant  for  from 
three  to  five  minutes ;  with  a  non-plastic  lime,  the  tangential 
force  is  nearlv  a  direct  function  of  the  time.     These  results  are 
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in  perfect  accord  with  practical  experience.  The  rapid  drying 
of  the  plastic  limes  may  be  a  little  extreme,  but  this  is  caused 
by  the  very  high  absorptive  power  of  the  disk  used.  In  order 
to  obtain  comparable  results,  it  is  necessary  that  the  absorptive 
power  of  the  disk  be  always  the  same,  but  its  value  is  imma- 
terial. 

It  will  be  noted  from  the  above  that  while  the  vertical 
force  varies  directly  as  the  time,  the  tangential  force  does  not. 
Their  ratio  is,  therefore,  not  a  constant,  and  cannot  be  used  as 
a  measure  of  the  plasticity  of  the  material  on  an  absorbent  sur- 
face as  it  could  on  a  non-absorbent  surface.  Both  the  experi- 
mental evidence  and  the  reasoning  show  that  the  machine  is 
able  to  distinguish  between  materials  of  different  degrees  of 
plasticity  when  applied  to  an  absorbent  surface.  It  remains 
merely  to  find  some  convenient  method  of  expressing  the  re- 
sults so  that  they  can  be  readily  recorded  and  compared. 

The  tangential  and  the  vertical  forces  acting  at  any  given 
time  are  known.  If  the  machine  is  run  at  a  constant  speed, 
the  distance  through  which  these  forces  act  is  directly  propor- 
tional to  the  time.  Suppose,  for  example,  we  plot  the  tan- 
gential force  (as  ordinate)  against  the  time  (as  abscissa)  an 
actual  measurement  of  the  speed  of  the  machine  shows  that 
this  tangential  force  acts  thru  a  distance  of  25.94  cms.  per 
minute.  If,  therefore,  the  abscissae  scale  on  the  above  curve  is 
multiplied  by  25.94,  it  will  read  "distance  in  centimeters"  in- 
stead of  "time  in  minutes,"  without  any  change  in  the  shape  or 
position  of  the  curve.  Any  two  ordinates  may  be  erected,  in- 
dicating the  beginning  and  end  of  a  certain  interval  of  time. 
The  area  enclosed  between  these  two  ordinates,  and  under  the 
curve,  is  the  product  of  the  force  times  the  distance  thru  which 
it  acts,  and  is.  therefore,  the  work  done  during  the  selected  in- 
terval of  time,  by  the  tangential  force. 

The  work  done  by  the  vertical  force  can  be  determined 
in  an  analogous  manner.  This  force,  however,  acts  thru  a 
distance  of  only  .635  cms.  per  minute,  so  that  the  work  done 
by  it  is  very  small  when  compared  with  that  done  by  the  tan- 
gential force  in  the  same  length  of  time  (provided,  of  course, 
that  the  forces  are  nearly  ec|u:il). 


530  AN    INSTRUMENT    FOR    MEASURING    PLASTICITY 

There  is  also  a  third  force,  acting  perpendicular  to  both  of 
the  others,  which  causes  the  lateral  spread  of  the  specimen. 
In  magnitude,  this  force  is  equal  to  the  vertical  force  multi- 
plied by  tan  lo^  =  .  176  t'.  Its  rate  of  action  is  about  i .  18  cms. 
per  minute. 

During   any   interval   of   time,   the   total    work   done   is   the 

sum  of  the  work  done  by  the  tangential,  the  vertical,  and  the 

horizontal   forces.     The   work   done   by  the   tangential    force  is 

generally  90  percent  or  more  of  the  total,  so  that  the  other  two 

may    be    neglected    for    ordinary    experiments.      The    relative 

magnitudes  of  these  quantities  of  work  depend  upon  the  design 

of  the  machine,  and  the  above  figures  must  be  revised  if  any 

change  is  made  in  the  speed  of  the  machine,  the  pitch  of  the 

screw,   or  the   diameter   or  angle   of   the   cone.     The  quantities 

of  work   found  may  be  expressed  in  ergs  by  multiplying  them 

980 

by^ 

60 

The  calculations  can  be  decidedly  simplified  if  we  agree  to 
consider  only  the  tangential  force,  and  if  we  adopt  a  standard 
interval  of  time,  say  three  minutes.  Under  these  circum- 
stances, the  horizontal  dimension  of  the  area  representing  the 
work  is  a  constant.  The  average  vertical  dimension  is  the  aver- 
age value  of  the  tangential  force.  The  area  or  the  work  done, 
is  therefore,  directly  proportional  to  the  vertical  dimension,  or 
the  tangential  force.  It  is,  therefore,  necessary  to  measure  the 
tangential  force  at,  say,  half  minute  intervals,  and  to  find  its 
average  value  during  three  minutes.  The  smaller  this  force, 
the  less  work  required,  and  the  more  plastic  the  material.  For 
that  material  is  the  most  plastic  which  can  be  spread  out  on  a 
given  surface  in  a  given  length  of  time  with  the  least  work. 

The  average  value  of  the  tangential  force  during  three 
minutes  may  be  designated  the  plasticity  figure  for  the  lime  on 
an  absorbent  surface  —  the  smaller  this  figure,  the  more  plastic 
the  lime.  Since  the  tangential  force  varies  more  or  less  with 
the  time,  depending  upon  the  rapidity  with  which  the  sample 
dries  out,  it  is  necessary  to  specify  which  three  minutes  shall 
be  selected   for  the  observations.     Assume  two  samples  of  the 
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same  lime  made  up  to  different  consistencies.  Test  the  thicker 
one  first,  and  plot  the  tangential  force  against  the  time.  Then 
test  the  thinner  one.  It  is  found  that  a  certain  interval  of  time 
is  required  for  the  disk  to  absorb  the  excess  water  fronf  the 
t.'iinncr  paste,  after  which  both  pastes  behave  the  same.  That 
is,  a  \ariation  of  consistency  will  cause  the  force-time  curve 
to  shift  its  position  in  a  direction  parallel  to  the  time  axis,  but 
it  will  still  maintain  the  same  shape  and  dimensions.  If  any 
tangential  force,  say  two  grams  per  sq.  cm.,  is  arbitrarily  as- 
sumed as  the  starting  point,  then  one  bounding  ordinate  may  be 
erected  thru  this  point,  the  other  being  three  minutes  later. 
The  position  of  the  first  ordinate  will  depend  upon  the  con- 
sistency of  the  paste,  but  the  average  value  of  the  tangential 
force  between  the  two  ordinates  (which  is  the  plasticity  figure) 
is  independent  of  consistency.  This  plasticity  figure  ranges 
from  about  5  for  the  most  plastic  limes  to  20  for  the  least 
plastic. 

An  attcm])t  has  been  made  to  use  this  machine  to  measure 
the  plasticity  of  clays,  but  without  satisfactory  results.  This 
was  due  to  the  mechanical  design  of  the  machine,  and  not  to 
any  unsoundness  in  its  basic  principle.  The  ratio  of  tangential 
to  vertical  forces  is  so  much  greater  for  most  clays  than  for 
limes,  that  it  was  found  \cry  difticult  to  select  a  consistency 
such  that  both  forces  could  be  measured  at  the  same  time  —  one 
or  the  other  would  usually  run  off  the  scale  of  the  machine. 
The  force  required  was  frequently  so  great  that  the  belt  driv- 
ing the  machine  would  slip.  Since  the  results  are  all  predicated 
ujjon  a  constant  speed  of  the  machine,  any  slipping  of  the  belt 
would  make  them  worthless. 

The  present  machine  has  been  used  by  three  operators  dur- 
ing two  months,  and  has  proven  very  satisfactory  in  measuring 
the  ])lasticities  of  lime  mortars.  It  is  now  being  re-designed 
to  gi\e  it  a  little  better  mechanical  construction,  but  no  im- 
portant changes  will  be  made.  It  is  proposed  to  drive  the  ma- 
chine by  gears  rather  than  by  belt,  and,  bv  a  slight  modification 
of  the  lever  system,  to  increase  its  working  range.  With  these 
changes,   it   is  believcil  that   the   machine   will   give   satisfactory 
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readings  with  clays.     Figure   i   shows  the  machine  in  its  pres- 
ent development. 

DISCUSSION 

"l/r.  Riddle:  I  want  to  apologize,  both  to  the  members  and 
also  to  Mr.  Emley  for  any  incorrect  abstracting  of  this  paper. 
If  it  were  iny  own,  I  might  be  able  to  cvit  some  of  the  less  im- 
portant things  out  and  tell  you  the  important  ones.  To  start 
with,  the  machine  was  built  for  the  testing  of  different  kinds  of 
wall  plaster,  and  later  it  was  tried  out  for  clays  under  similar 
conditions.  In  the  case  of  the  wall  plaster  we  used  two  kinds  of 
disks,  one  of  them  is  plaster  of  Paris  boiled  in  paraffine  to  make 
it  a  non-absorbent  base,  and  the  other  is  simply  regular  plaster 
of  Paris  which  is  absorbent.  In  the  case  of  clays,'  only  the  non- 
absorbent  one  would  be  used,  so  in  this  article,  we  will  only  read 
about  that  one  and  neglect  the  other  entirely. 

Mr.  Demncad:  I  would  like  to  know  how  the  clay  sample 
is  made ;  in  other  words,  what  form  of  clay,  etc.,  is  used  in  test- 
ing the  clay. 

Mr.  Riddle:  We  have  this  disk  which  I  spoke  of.  and  the 
clay  sample  is  put  on  top,  there,  by  means  of  this  rubber  mold. 
It  is  simply  pressed  into  the  mold,  and  then  the  piece  taken  off 
leaving  the  clay  disk  in  position,  and  then  the  whole  thing  is  put 
under  the  trowel  that  way  and  lowered,  of  course,  so  that  it  will 
be  in  the  right  position.  The  clay  would  be  in  between  and  as  this 
rises,  the  clay  is  pressed  against  the  trowel.  As  the  pressure 
increases,  it  will  naturally  spread,  and  that  spreading  of  course 
will  be  measured  on  this  lever,  while  the  friction  will  be  measured 
with  the  other  lever. 

Mr.  Denmcad:  Is  the  rise  there  driven  from  a  motor  or 
done  by  hand  ? 

^[r.  Riddle:  The  rise  is  driven,  the  other  is  not.  it  is  just 
one  that  is  driven ;  this  one  simply  rises  by  friction. 

Mr.  Slwa':  Do  I  understand  the  principle,  that  it  is  the 
measurement  of  the  friction  between  that  disk  and  the  clay? 
Is  that  the  principle  involved  there  ? 

Mr.  Riddle:     Yes,  sir,  that  this  is  the  way  I  understand  it. 


AN    INSTRUMENT    FOR    MEASURI.Ni;    PLASTICITY  533 

Mr.  Sluni.':  Then  if  you  made  that  disk  of  glass  instead  of 
the  material  of  which  it  is  made  there,  it  would  give  you  a  dif- 
ferent result,  would  it  not? 

Mr.  Rid'dle:    Yes,  sir. 

Mr.  Shaw:  Then  the  measurement  of  plasticity  with  that 
machine  means  a  relative  plasticity,  referred  always  to  the  ma- 
terial that  you  are  using  as  the  trowel  of  the  machine. 

Mr.  Riddle:  What  do  you  mean  by  glass?  Fine  ground 
glass  or  a  solid  chunk  of  glass  ? 

Mr.  Shazv:  I  mean  a  friction  disk  made  of  glass  instead  of 
the  material  of  which  that  is  made. 

Mr.  Riddle:    It  would  not  matter  wliat  this  was. 

Mr.  Shaw:     I  mean  the  one  representing  the  trowel. 

Mr.  Riddle:  Well,  I  would  say  that  that  should  always  be 
the  same  metal.  That  is  just  my  own  idea  of  it,  though.  If  you 
were  to  use  glass,  you  might  have  some  different  friction  from 
what  you  would  have  using  a  trowel.  I  remember  that  Mr. 
Emley  said  that,  under  some  conditions,  for  instance  if  you  were 
to  press  a  very  non-plastic  substance  hard  enough,  you  would 
probably  press  the  water  to  the  surface  and  create  a  false  absence 
of  friction  there  which  might  be  erroneous,  but  I  am  not  able 
to  state  that  definitely. 

Mr.  Storcr:  I  would  like  to  state  that  if  this  is  just  a  new 
machine,  that  it  would  be  of  much  more  use  to  the  potter  if,  be- 
fore this  goes  into  the  Transactions,  a  series  of  tests  of  ball  clays 
and  kaolins  as  regards  their  relative  plasticity  with  the  different 
amounts  of  ground  stuff  added,  would  add  greatly  to  the  value 
of  the  machine,  and,  that  I  presume,  we  will  find  in  the  Transac- 
tions. 
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RIALS BEFORE  TESTING 

DISCUSSION 

Mr.  R.  J.  Montgomery:  In  testing  fire-clay  refractories  one 
of  the  most  important  problems  that  has  to  be  solved  is  the 
determination  of  the  quality  of  brick  that  should  be  used  in  a 
position  where  a  given  temperature  is  reached,  allowing  a  certain 
margin  for  abuse  during  operation.  The  usual  tests  made  are 
the  load  test,  the  fusion  test  and  a  reheating  test  in  some  form 
to  observe  the  temperature  at  which  excessive  shrinkage  or  over- 
fire  begins.  It  is  very  hard  to  draw  definite  conclusions  from 
these  results,  as  it  is  known  that  the  short  laboratory  burn  is  not 
as  severe  as  long  service  in  operation.  A  certain  relation  must 
be  established  between  tests  and  service  by  trial,  but  when  the 
installations  are  expected  to  last  from  two  to  ten  years,  trial 
is  not  very  feasible. 

It  is  customary  for  manufacturers  to  exaggerate  the  tem- 
perature that  the  various  refractories  will  stand,  for  instance, 
from  3200°  to  4000°  F.  is  claimed  for  silica  brick  when  it 
actually  will  melt  at  not  over  2960°  F.  There  is  also  a  tendency 
to  adopt  methods  of  testing  that  will  make  a  brick  stand  as 
high  a  temperature  as  possible,  that  is  by  testing  the  brick  made 
of  coarse  ground  material  as  received.  I  believe  that  often  false 
interpretations  of  results  are  made  because  the  time  factor  is 
not  sufficiently  considered.  The  temperature  of  softening  or 
of  failure  under  load  is  based,  not  upon  the  true  chemical  com- 
position of  the  brick,  but  upon  a  combination  of  composition 
and  structure  which  gives  abnormally  good  results.  It  is  un- 
cjuestionably  correct  to  use  coarse  material  in  brick  manufacture 
to  give  an  added  factor  of  safety,  but  in  testing  I  believe  this 
factor  should  be  eliminated  as  far  as  possible. 

I  have  taken  a  mixture  of  silica  and  clay  corresponding  to 
the  silica-alumina  eutectic  in  composition  and  have  varied  the 
softening  point    from   cone   31    to  cone  26'/   by   increasing  the 
(•VU) 
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fineness  of  the  grind.  In  use.  extending  over  a  long  period,  I 
believe  this  mixture  would  slowly  sinter  and  finally  soften  at 
cone  26J4  regardless  of  the  original  coarseness. 

Why  shouldn't  we,  as  nearly  as  possible,  determine  the 
minimum  refractoriness  instead  of  the  maximum?  By  grind- 
ing the  samples  of  brick  and  clay  finely  before  testing,  we  may 
to  a  great  extent  disregard  the  time  factor  and  obtain  results 
based  more  nearly  upon  the  actual  chemical  composition  which 
after  all  is  the  really  important  thing. 

Our  furnaces,  ovens,  etc.,  should  not  be  built  of  material 
which  owes  its  lasting  qualities  to  a  gamble  on  whether  sintering 
will  progress  far  enough  to  cause  ultimate  fusion.  The  material 
should  be  chemically  able  to  withstand  operating  temperatures. 

I  regret  that  I  cannot  submit  data  to  back  up  the  point 
raised,  but  I  feel  it  is  important  and  should  be  seriously  con- 
sidered by  the  committees  at  present  working  on  Standard 
Specifications  for  Refractory  Materials.  Just  what  tests  should 
be  made  on  fine  ground  materials  and  how  they  should  be  made 
can  only  be  determined  by  experiment. 

Mr.  Montgomery:  The  subject  as  announced  on  the  pro- 
gram is  not  quite  right,  because  instead  of  a  note,  it  is  the 
opening  of  a  discussion,  and  my  part  of  it  is  very  small.  I 
want  to  bring  up  the  subject  and  that  is  all.  I  had  intended  to 
bring  a  number  of  samples  of  refractory  brick  clay  and  silica, 
but  they  were  too  bulky  and  I  could  not  get  them  over  here. 
For  instance,  we  have  had  silica  brick  in  constant  operation 
in  coke  ovens  for  nine  years,  at  an  operating  temperature  of  at 
least  2,600°  F.  Now,  nine  years  service  at  2.600°  or  above  is 
a  very  severe  test  for  a  refractory,  and  if  that  refractory  was 
not  fundamentally  able  to  stand  that  temperature,  it  would  not 
be  in  use  today ;  in  fact,  the  brick  is  in  as  good  a  condition  as 
then,  and  the  cement  used  is  still  in  place  in  very  good  condition. 
We  have  a  tendency  to  use  fire-clay  brick  beyond  their  ability  to 
stand  load  or  to  stand  the  operating  temperature.  We  make 
a  load  test,  and  we  base  our  conclusions  on  a  short-time  test 
on  coarse  material.  In  many  cases  we  get  false  ideas  of 
quality,  as  our  tests  tend  to  give  the  maximum  temperature 
instead  of  the  niininuim.  that  a  refractorv  will  stand. 
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Mr.  Purdy:  Did  I  understand  Mr.  Montgomery  to  say  that 
the  chemical  analysis  after  all,  is  the  most  important  factor  for 
fire  clays  ? 

Mr.  Montgomery:  I  think  the  chemical  analysis,  when  we 
have  learned  to  use  it,  will  be  the  most  important  thing  in  tire 
clays  and  in  all  refractories. 

Mr.  Sliatv:  One  point  Mr.  Montgomery  raised  that  I  am 
inclined  to  doubt,  and  that  is,  that  if  we  grind  the  material  fine, 
it  will  come  in  a  short  time  to  the  condition  that  will  be  reached 
by  fluxing  of  the  coarser  materials  in  a  longer  time.  I  think 
there  is  considerable  doubt  whether  that  is  true  or  not.  In  a 
fine  ground  condition,  we  bring  the  brick  to  a  uniform  mixed 
condition,  and  you  have,  in  intimate  contact,  the  materials  which 
will  form  the  eutectic  mixtures  and  which  will  cause  the  failure 
of  the  brick.  In  case  of  the  fusion  over  a  longer  period  of  time, 
there  is  not  the  opportunity  for  the  formation  of  those  eutectic 
mixtures,  because  the  materials  are  not  in  condition  to  be  suffi- 
ciently mixed  to  bring  them  into  intimate  contact,  and  therefore 
the  prime  factor  in  that  case  is  the  very  thing  that  does  the 
work ;  the  short-time  test  would  not  do,  and  I  do  not  believe 
the  intimate  grinding  of  the  material  would  produce  the  same 
efTect  as  the  longer  time  test  does. 

Mr.  Staley :  It  seems  to  me  that  the  relation  of  fineness  of 
grinding  to  the  fusing  point  of  clays  is  perfectly  capable  of  dem- 
onstration by  laboratory  experiment.  I  assume  that  Mr.  Mont- 
gomery will  be  very  glad  to  do  the  necessary  work.  If  he  does 
not  care  to  do  it,  I  will  undertake  to  carry  on  the  experimental 
work  connected  with  this  question.  We  can  do  it  readily  in  our 
laboratory,  and  I  think  it  is  worth  while  investigating.  I  would 
like  to  have  a  statement  from  Mr.  Montgomery  whether  he'd 
rather  do  it  or  turn  the  proposition  over  to  us. 

DISCUSSION    SUBMITTED   AFTER   READING   PAPER 

Mr.  Rics:  While  I  agree  with  Mr.  Montgomery  that  it  may 
be  desirable  as  a  matter  of  safety  to  determine  the  minimum  in- 
stead of  the  maximum  refractoriness,  at  the  same  time  I  cannot 
bring  myself  to  believe  that  it  is  a  wise  procedure  to  grind  up  a 
brick  before  testing. 
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Some  15  years  ago  in  my  report  on  the  New  Jersey  fire  clays, 
published  in  Volume  \'I  of  the  Xew  Jersey  Geological  Survey,  I 
published  a  number  of  fusion  tests  of  fire  brick  in  their  natural 
texture  and  in  ground  condition.  There  it  was  shown  that  in 
every  case  the  fusion  point  of  the  brick  after  being  ground  to 
100  mesh  and  remolded  to  cones,  was  appreciably  lower  than  that 
of  the  brick  in  its  natural  condition. 

Until  we  have  more  definite  data  I  do  not  consider  it  safe  or 
wise  to  say  that  the  time  factor  will  completely  offset  that  of 
texture. 


HUMIDITY,  ITS  CONTROL  AND  RELATION  TO  THE 
DRYING    OF    CLAY    WARES. 

BY  W.  A.   DEN  MEAD 

Sometime  ago  our  factory  was  confronted  with  the  necessity 
of  speeding  up  deliveries,  and  it  was  evident  that  the  rate  of 
dr_\ing  was  the  Hmiting  factor.  The  writer  having  been  with 
Mr.  E.  D.  Gates  soon  after  his  rough  experiments  on  drying 
with  controlled  humidity,  (reported  in  the  Transactions  of  this 
Society)  became  greatly  interested  in  the  problem,  having  always 
felt  that  although  the  results  were  not  wholly  satisfactory,  they 
were  sufficiently  promising  to  ensure  success  tmder  somewhat 
better  control  and  understanding  of  the  requirements.  We  have 
been  continually  experimenting  with  considerable  success  during 
the  past  few  years  as  to  the  effect  of  humidity  on  the  drying 
behavior  of  electrical  porcelain,  and  our  investigations  have 
brought  to  light  some  interesting  features  of  control,  funda- 
mental principles,  etc.,  which  it  was  thought  might  he  of  interest 
to  the  Society. 

We  have  found  that  wonderfid  results  can  be  achieved 
where  conditions  are  just  right  and,  therefore,  the  success  of 
drying  with  artificially  moistened  air  depends  entirely  upon  an 
understanding  of  drying  phenomena  and  -the  efficiency  of  the 
automatic  control  apparatus.  Our  experience  does  not  warrant 
the  writer  in  stating  just  how  successful  the  control  devices  are, 
but  testimonials  from  textile  mills  and  many  other  plants,  where 
very  close  control  has  been  found  almost  a  necessity,  would 
indicate  that  the  apparatus  is  very  satisfactory. 

The  writer  is  indebted  to  the  G.  ^I.  Parks  Company,  The 
Carrier  Engineering  Corporation  and  The  Philadelphia  Textile 
Machinery  Company  for  much  aid  in  supplying  data,  cuts,  etc. 
It  has  been  found  impractical  to  explain  in  this  paper  the  work- 
ings of  the  apparatus  shown  in  the  cuts  except  in  a  most  general 
way.  Init  further  details  can  be  obtained  on  application  to  the 
manufacturers.  The  writer  has  been  fortunate  in  seeing  much 
(.>38) 
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of  this  apparatus  in  operation  and  has  picked  these  cuts  to  giTe 
some  idea  of  unique  features,  simphcity,  nicety  of  regulation, 
etc.,  and  is  satisfied  that  apparatus  suitable  for  one  class  of  work 
is  not  necessarily  the  best  for  another.  The  wide  variety  shown, 
though  only  a  small  ])art  of  that  available,  is  merely  to  call  to 
your  attention  a  few  schemes  of  controlling  the  rate  of  drying. 
The  lack  of  attention  to  this,   I   believe  is  responsible   for  enor- 


mous loss  of  time  :ui(i  ware,  as  well  as  unbalanced  operation 
or  failure  to  obtain  maximum  outi)ut  with  given  facilities  in 
other  departinents. 

It  is  a  little  difficult  to  present  this  subject  to  a  mixed  body 
of  technical  and  practical  men  and  those  who  are  the  happy 
combination  of  both,  but  if  the  technical  men  will  pardon  nie  a 
moment  I  will  explain  a  few  details  necessary  for  the  proper 
understanding  of  relative  luiniiditv  cdiitrol.     The  term  '"relative 
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humidity"  ma)-  be  defined  as  the  ratio  between  the  moisture 
content  of  the  air  and  the  greatest  possible  content  at  the  same 
temperature,  multiplied  by  loo.  For  instance,  air  at  70° F.  can 
support  as  vapor  7.9  grains  of  moisture  per  cu.  ft.,  and  if  the  air 
at  a  stated  time  does  contain  5.1  grains  per  cu.  ft.  then  the  relative 
humidity  is  5.1  divided  by  7.9  x  100,  or  approximately  64.  Air 
at  different  temperatures  can  support  widely  different  amounts 
of  moisture,  and  at  90°F.  may  contain  a  maxinumi  of  14.7 
grains  per  cu.  ft.  while  air  at  6o°F.  can  only  contain  5.7  grains 
per  cu.  ft.,  and  if  more  moisture  is  present  dew  will  result. 
Table  I  gives  a  few  figures  showing  the  moisture-carrying  ca- 
pacity of  air  at  several  temperatures,  also  the  moisture  content 
at  several  relative  humidities  for  a  temperature  of  70°F. 


TEM  PER.^TUEE 

GRAINS   OF   MOIS- 

TUEE    lER    CU.    ST. 

SATURATED    AIR. 

TIVE    HUMIDITY   AT 
70    DEC.    F. 

GRAINS    OF    IV 
TURE    PER    CC 

01s- 

(ill 

5.7 

25 

1.9 

711 

7.9 

50 

4.0 

SO 

10.9 

7.^ 

5.9 

90 

14.7 

85 

6.7 

:oo 

19.7 

100 

7.9 

The  higher  the  relative  humidity  of  the  air  (or  nearer  to- 
saturation),  the  slower  it  will  be  to  take  up  moisture  and  there- 
fore the  slower  the  drying  of  the  ware  with  which  it  is  in  contact. 
The  simplest  instrument  giving  relative  humidity  readings,  is 
the  Lloyd's  Hygrodeik,  shown  in  Fig.  i.  This  instrument  de- 
pends on  the  dift'erence  in  temperature  of  two  theromometer 
bulbs,  one  kept  moist  while  the  other  is  dry.  The  moist  bulb, 
owing  to  the  cooling  action  of  evaporation,  is  colder  than  the  dry 
bulb,  except  in  completely  saturated  air,  the  extent  of  this 
temperature  difference  being  proportional  to  the  rate  of  evapora- 
tion on  the  surface  of  the  wet  bulb.  This  evaporation  is  governed 
by  the  vapor  tension  which  in  turn  is  controlled  by  the  amount 
of  moisture  in  the  atmosphere  compared  to  the  maximum  possible 
content,  in  other  words  relative  humidity,  the  desired  readings 
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are  obtained  by  means  of  a  simple  chart.  Tliis  instrument  is  not 
exact  but  serves  fairly  well  for  comparisons,  or  to  obtain  a  rouph 
idea  of  the  drying  conditions  at  any  desired  point. 

I   dare   say  that  practically  all   of  you   have  tried  various 
stunts   to  prevent  or  slow-down   drying,   such   as  covering  with 


e   Turbo    principles   are: 
entrifuga]    force,    all    ii; 


wet  bags,  piling  close  together,  placing  in  a  part  of  room  free 
from  drafts,  or  colder  than  the  balance,  in  canvas-walled  com- 
pariments,  etc.,  and  have  attempted  to  hasten  drying  by  building 
paper  fires  inside  of  parts,  using  an  incandescent  lamp  or  one 
of  many  means  of  applying  heat  locally.  Just  what  were  you 
doing?  Simply  changing  the  relative  humidity  of  the  envelope 
of  air  inimodiatelv  surrounding  the  jiiece.     Thus  by  placing  ware 
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in  a  canvas-walled  compartment  you  stop  air  circulation  to 
a  great  extent  with  a  consequent  rise  in  relative  humidity  of  the 
air  immediately  in  contact  with  the  ware  due  to  evaporation  in 
a  restricted  space,  thus  slowing  the  drying.  In  another  instance, 
by  placing  an  incandescent  lamp  inside  a  bushing  near  the  bottom, 
you  are  creating  a  circulation  of  air,  also  raising  the  temperature 
(permitting  the  moisture  carrying  capacity  of  the  air  to  be  in- 
creased), thus  reducing  the  relative  humidity  and  hastening  the 


drying  of  the  inside  of  the  bushing  to  keep  pace  with  the  natural 
drying  of  the  outside. 

Drying  depends  on  capillary  action  and  difference  in  vapor 
pressure,  but  this  latter  is  directly  controlled  by  the  relative 
humidity  of  the  air  envelope  and  is  by  far  the  greater  factor. 
The  raising  of  the  drying  temperature  tends  to  reduce  the 
relative  humidity  of  the  surrounding  air  which  in  turn  reduces 
the  vapor  tension  causing  an  increase  in  the  rate  of  evaporation. 
From  the  above,  one's  first  thought  is  "Why  do  all  this  juggling 
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of  ware  witli  covers,  local  heat.  etc..  and  why  not  control  the 
atmos])here  and  temperature  of  the  room  and  dry  as  rapidly  as 
experience  finds  safe?"  It  is  the  opinion  of  the  writer  that  this 
is  the  solution  of  many  such  problems  where  losses  from  drying 
difficulties  (either  direct  or  indirect,  and  I  believe  the  indirect. 
greatest),  are  sufficient  to  more  than  pay  an  attractive  interest 
on  such  control  system.  1  am  also  convinced  that  by  the  installa- 
tion of  such  a  system,  designs  and  processes,  wholly  impractical 
under  ordinary  conditions,  can  be  safely  undertaken. 

I'robably  the  average  clay  worker  fails  to  realize  fidly  the 
great  difference  in  sunnuer  and  winter  drying  conditions,  or, 
more  exactl\-.  the  difference  between  the  drying  conditions  at 
the  time  when  windows  and  doors  are  open,  with  no  general 
heating  of  buildings,  and  when  windows,  doors,  etc.,  are  closed 
and  steam  turned  on  for  heating  purposes.  For  instance,  we 
have  recorded  a  humidity  as  low  as  14  in  January  on  our  green- 
ware  floor,  while  the  average  summer  humidity  in  our  section 
is  about  72,  and  it  is  a  dry  day  wdien  it  falls  as  low  as  35.  It 
is  also  worthy  of  note  that  when  the  humidity  does  fall  as  low 
as  40  in  summer  it  is  readily  felt  and  steps  may  be  taken  to 
protect  delicate  ware.  Thus  it  will  be  seen  that  drying  is  taking 
place  several  times  more  rapidy  in  winter  than  in  summer,  with 
the  result  that  as  soon  as  the  heat  is  turned  on  in  the  fall  and 
windows  closed  the  drying  losses,  as  well  as  kiln  losses,  are  very 
likeh'  to  increase  to  an  alarming  extent  unless  vigorous  action 
is  taken  to  protect  the  parts  from  such  rapid  drying.  It  seems 
unnecessary  to  state  that  such  losses  could  be  immediately  elim- 
inated b\'  artificial  humidification  to  the  necessary  relative  hu- 
midity. The  proper  relative  humidity  can  only  be  determined 
by  ex]3eriment.  as  it  will  undoubtedly  vary  for  different  wares. 
There  are  of  course  certain  plants  where  such  installations  could 
not  be  profitably  made,  but  from  the  writer's  experience  it  would 
seem  that  the  only  plants  where  great  objection  would  arise  would 
be  where  plaster  molds  and  ware  are  dried  in  the  open  without 
application  of  additional  heat,  in  which  case  the  drying  of  molds 
will  be  retarded  when  the  ware  is  dried  more  slowly.  It  is  worth 
mentioning,  however,  that  in  no  case  would  the  results  be  worse 
than  those  of  summer,  providing  the  relative  humidity  is  not 
raised  above  that  encountered  during  the  summer. 
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Tile  writer  believes  that  in  general  two  distinct  periods  should 
be  recognized  in  the  drying  of  clay  ware,  and  that  in  many  in- 
stances best  results  can  only  be  obtained  by  recognizing  such 
stages  and  arranging  controls  accordingly.  The  first  period  cov- 
ers the  drying  from  the  forming  of  the  ])iece,  by  whatever  means 
em]3!oyed,  to  the  leather-hard  or  handling  stage,  and  the  second 
])eriod.  from  that  state  to  the  final  dried  condition.  The  first  pe- 
riod is  the  one  most  often  neglected,  and  experiments  indicate  that 
ahnost  as  much  damage  may  be  done  in  this  stage  as  any  other, 
for  though  no  cracks  may  result,  our  investigations  indicate  that  a 
piece  carefully  controlled  in  this  stage  can  be  dried  from  the 
leather-hard  state  to  finish  much  more  rapidly  or  under  more 
severe  conditions  than  a  piece  to  which  no  attention  has  been  paid 
in  the  first  stage.  It  is  a  well-known  fact  for  instance,  that  many 
bodies  and  clays  shrink  very  little  after  the  leather-hard  stage 
(our  own  clay  averages  about  2  percent),  and  therefore  the  most 
severe  strains  are  set  up  long  before  many  clay  workers  feel  care 
need  be  exercised,  or  in  general  before  the  ware  ever  reaches  the 
drier.  It  is  thought  that  control  of  the  rate  of  drying  in  this  first 
stage  would  result  in  greatly  reduced  losses  at  many  plants.  The 
control  would  be  very  simple,  being  merely  a  matter  of  regula- 
ting the  humidity  of  the  pressing  or  forming  rooms.  For  hu- 
midifying the  press  room  it  would  seem  that  an  over-head 
atomizing  system  under  automatic  control,  such  as  is  used  in 
many  spinning  mills,  would  be  most  satisfactory. 

Figures  2  to  8  show  various  parts  of  apparatus  supplied  by 
one  concern  for  spinning  mill  humidification  and  which  the  writer 
thinks  is  readily  adaptable  to  first-class  control.  This  system  de- 
])ends  upon  the  automatic  control  of  the  air  supplied  to  the 
atomizers,  and  is  so  arranged  that  the  air  is  passing  thru  the  spray 
heads  (See  Figures  2  and  3).  creates  a  vacuum  at  the  nozzle 
which  is  sufficient  to  raise  the  water  from  the  level  of  the  lower 
])ipe  shown  in  Figure  3.  This  arrangement  overcomes  any 
possibility  of  overflow  of  water  when  atomizers  are  either  on  or 
off.  The  water  is  maintained  at  a  constant  level  by  tank  and 
float  valve.  The  "atomizer  is  very  simple,  and  with  proper  water 
and  air  filters  on  main  lines  is  not  at  all  Hkely  to  clog.  Xo  harm, 
except  the  shutting  down  of  the  individual  atomizer  is  done  if  it 
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Fig.  5.  Wet  and  dry  l.uib  thermometers;  I 
system ;  upper  gage  indicates  whether  humidifier: 
computing  scale  is  shown  in   iower  right  hand 


e   indicates  air   pressure   on 
or    off;    patented    humidity 
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does  clog,  and  the  head  is  easily  (Hsniounted  for  cleaning.  A  fur- 
ther advantage  is  that  each  head  is  under  individual  control  (note 
adjusting  lever,  Fig.  3),  which  permits  of  controlling  the  condi- 
tions in  any  part  of  the  room  at  will.  The  atomizers  are  adjust- 
able for  a  wide  range  of  water  delivery.  The  automatic  control 
device  is  very  simple,  and  its  working  may  readily  be  followed 
by  an  examination  of  Figures  4  to  7,  Figure  4  showing  the 
complete  system  and  Figures  6  and  7  the  operation  of  the  various 
parts  of  the  control  device  in  detail.  Figure  7,  sketch  A,  shows 
the  wet  member  e.xpanding,  which  means  that  the  humidity  is  too 
high;  therefore  all  parts  of  the  apparatus  are  shown  in  position 
that  permits  of  no  air  passing  to  the  atomizer  heads.  Sketch  B 
shows  the  reverse,  when  the  wet  member  is  contracting  and  parts 
are  set  so  that  air  is  passing  to  the  atomizers,  the  humidity  of 
the  room  being  too  low.  It  is  only  necessary  to  understand 
that  the  expansion  tubes  (wet  and  dry  members),  are  rigidly 
fastened  at  the  base  (see  Figure  6),  and  that  parts- connected 
to  the  operating  lever  are  attached  to  the  upper  ends  of  the 
expansion  tubes  to  properly  understand  the  operation  of  the 
device.  .Adjustments  for  desired  humidities  arc  made  by  turn- 
ing the  nut  at  the  top  of  the  dry  member  which  lengthens  or 
shortens  this  member  as  desired.  The  writer  has  seen  this  ap- 
paratus working,  completely  covered  with  dirt  and  lint,  which 
would  indicate  that  it  is  adaptable  to  any  ordinary  plant  con- 
ditions. 

I'lgurc  8  shows  a  small  cluster  tank  which  can  be  used  in 
experimental  installations,  thus  avoiding  much  expensive  ap- 
paratus required  in  general  humidification.  This  tank  can  of 
course  be  connected  to  the  psychrostat  (not  shown),  the  -ame 
as  the  large  mill  installation  shown  in  F'ig.  4.  Further  details 
of  the  operation  of  this  system  can  be  obtained  by  application 
to  the  (i.  ^^.  Parks  Company,  Fitchburg,  Mass. 

Upon  several  occasions,  engineers  have  reported  such  high 
humidities  in  their  localities  that  drying  is  often  at  a  practical 
standstill  for  considerable  periods  during  the  summer.  We  do 
not  experience  such  conditions  in  our  locality  and  therefore  have 
never  had  any  experience  with  methods  of  overcoming  the  dif- 
ficulty,  but   since  hearing  of  the  above   fact   1   have  looked   into 
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the  possibility  of  using  the  humidifj-ing  and  cooling  apparatus 
shown  in  Fig.  9  for  producing  normal  drying  conditions,  and  it 
api)ears  that  this  device  is  a  perfectly  feasible  proposition  for 
limited  floor  areas.  Where  such  high  relative  humidity  condi- 
tions are  encountered,  humidifying  with  such  an  apparatus  would 
be  more  desirable  than  by  the  system  shown  in  Figs.  2  to  8. 
The  operation  of  this  cooling  system  should  not  be  more  ex- 
pensive than  the  system  shown  in  Fig.  10  except  during  periods 
when  cooling  of  the  spray  water,  below  the  available  tempera- 
ture, is  necessary  in  order  to  reduce  the  relative  humidity  to 
the  desired  point.  A  hasty  investigation  would  indicate  that 
during  the  time  when  drying  is  at  a  standstill,  the  expense  would 
be  justified,  especially  where  rapid  deliveries  or  continuous 
operation  of  all  departments  are  necessary  for  general  economy. 

The  secniul  jieriod  covers  the  drying  at  temperatures  in 
most  cases  far  above  that  of  the  forming  rooms,  though  the 
\ariety  of  ware  and  means  of  drying  vary  so  greatly  in  the 
production  of  different  clay  products,  it  is  difficult  to  define  this 
[leriod  as  accurately  as  the  first.  In  the  majority  of  plants,  the 
ware  is  put  over  steam  coils,  in  drying  closets,  thru  tunnel  driers, 
on  hot  floors,  or  some  other  means  is  used  to  hasten  the  dry'ing. 
Here  again  artificially  controlled  humidity  could  be  successfully 
applied  in  many  plants,  or  better  yet  a  compact  drier  similar  to 
one  shown  later  could  be  installed  to  greatly  facilitate  delivery, 
which  when  properly  regulated  to  your  ware  should  cut  down 
both  drying  loss  and  time.  It  is  quite  possible  that  with  the  use 
of  a  drier  of  this  kind  some  types  of  ware  could  be  dried  from 
start  to  finish  without  separate  first-stage  drying.  This  would 
of  course  apply  only  to  ware  that  could  be  put  into  drier  im- 
mediately after  forming. 

Let  us  digress  a  moment  here  to  show  what  is  taking  place 
in  two  ordinary  driers,  considered  from  a  temperature-humidity 
stand  point.  First,  suppose  we  take  the  tunnel  drier,  which  with 
variations,  involves  the  entrance  of  the  wet  product  at  a  low 
temperature  which  is  gradually  raised  as  the  cars  advance. 
.'\lmost  immediately  after  entering  the  drier  the  ware  is  in  an 
atniosphere  of  high  humidity,  the  heat  is  gradually  increased 
but   long  iiefore   maxinuim   temperature   is   reached   the   relative 
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humidity  begins  to  drop,  otherwise  dew  would  be  deposited 
on  the  colder  entering  ware.  After  reaching  a  maximum  tem- 
perature the  drying  takes  place  very  rapidly,  the  humidity  being 
automatically  reduced  as  the  car  advances.    This  scheme  is  amply 
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safe  for  much  ware  but  at  best  is  only  a  rough  approximation 
of  the  desired  conditions,  namely,  heating  to  the  highest  tempera- 
ture in  a  nearly  saturated  atmosphere,  then  gradually  reducing 
the  humidity  as  rapidly  as  safe  drying  of  the  ware  will  permit. 
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The  closet  drier,  on  the  other  hand,  reaches  a  high  humidity 
usually  a  number  of  hours  after  the  steam  is  turned  on  and 
though  still  safe  for  a  type  of  ware,  such  as  china,  would  result 
in  high  loss  of  even  very  simple  shapes  of  wet  process  electrical 
porcelain.  This  is  the  case  because  the  relative  humidity  is  not 
high  enough  to  prevent  rapid  drying  the  first  few  hours,  which 
though  not  materially  injuring  a  china  jjlate,  because  the  plate 
is  so  thin  that  drying  takes  place  fairly  uniformly  throughout, 
would  not  do  at  all  for  heavy,  dense  ware  owing  to  the  strains 
set  up  by  non-uniform  drying. 

The  conditions  of  the  above  driers  can  be  improved,  u-here 
ware  is  now  giving  trouble,  or  where  time  of  drying  is  an  im- 
portant factor  simply  by  arranging  a  humidifying  device  with 
automatic  temperature  and  humidity  control,  such  as  some  of 
the  units  shown  in  the  following  cuts  by  means  of  which  daily 
or  hourly  changes  of  temperature  or  humidity,  or  both,  can  be 
effected  in  a  similar  manner  and  "with  the  same  ease  as  the  well- 
known  temperature  regulators  in  use  in  so  many  buildings  today. 
It  would  of  course  seem  that,  where  the  character  of  the  ware 
would  pennit.  some  modification  of  the  tunnel  drier,  such  as 
shown  in  Fig.  20  would  be  the  ideal  condition,  but  it  is  recognized 
that  some  wares  would  not  lend   themselves  to   such  handling. 

Figure  10  shows  a  general  view  of  a  com])lete  mechanism 
for  air  conditioning,  together  with  various  control  units.  Figs. 
II  and  12  showing  interior  views  to  give  some  idea  of  the  spray 
chamber  and  water  eliminators,  the  latter  being  necessarj-  to 
prevent  free  water  being  carried  over  with  the  air.  Complete 
details  are  too  lengthy  for  presentation  here  and  can  be  obtained 
on  application  to  The  Carrier  Engineering  Corporation,  Xew 
York  City.  Tn  brief,  however,  air  passing  thru  this  apparatus 
is  completely  saturated  and  the  relative  humidity  of  the  air 
entering  the  room  to  be  humidified  is  determined  by  the  tem- 
perature of  the  air  coming  from  the  washer.  For  illustration,  if 
60  percent  relative  humidity  at  80  deg.  F.  is  required  for  the 
room,  then  each  cu.  ft.  of  air  must  contain  6.5  grains  of  moisture. 
If  the  saturated  air  coming  from  the  washer  is  held  at  64  deg.  F. 
at  the  outlet,  then  6.5  grains  of  moisture  are  contained  in  every 
cu.   ft.  and  all  that  is  necessary  is  to  pass  this  air  over  heated 
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coils  to  raise  it  to  <So  deg.  F.,  the  required  temperattirc,  the  desired 
relative  luimidity  being  automatically  obtained.  It  will  be  noted 
from  this  that  the  control  of  the  temperature  of  the  emerging 
air  is  the  heart  of  this  apparatus.  The  dew  point  control.  Fig. 
13,  accomplishes  this  result  and  is  a  combination  of  expanding 
and  non-e.\'panding  tubes,  the  inner  tube  being  the  non-expanding 
member.  The  relation  of  the  regulating  valve  seat  with  reference 
to  the  non-expanding  stem  may  be  varied  by  the  adjusting  post 
at  the  front  of  the  instrument,  thus  giving  any  de;;ired  tempera- 
ture for  closing.  \Mien  the  temperature  of  the  air  going  thru 
the  washers  is  too  low,  the  valve  of  the  dew  point  control  is 
open,  and  compressed  air  passes  thru  the  device  opening  the 
steam  injector,  raising  the  temperature  of  the  spray  water  which 
of  course  raises  the  temperature  of  the  air  passing  thru  the  spray 
chamber.  When  the  temperature  of  the  air  passing  over  the 
■dew  point  control  is  too  high  the  control  valve  is  closed,  shutting 
off  the  compressed  air  which  actuates  the  steam  injector  valve, 
cutting  off  the  steam.  This  device  presupposes  that  the  water 
temperature  is  always  sufficiently  low  to  reduce  the  air  tempera- 
ture to  the  desired  point,  which  is  the  case  except  where  the 
humidity  is  extremely  high  in  hot  weather.  Where  this  condition 
is  often  encountered,  apparatus  such  as  shown  in  Fig.  9  would 
be  necessary  if  it  is  essential  that  low  humidities  be  maintained. 
It  will  be  noted  that  this  apparatus  is  the  same  as  that  shown 
in  Fig.  10  with  the  addition  of  a  cooling  device.  In  general, 
this  adilition  is  not  necessary  except  in  cases  as  outlined  in  the 
explanation  of  Fig.  9.  The  same  air  system  which  operates 
thru  the  dew  point  control,  also  operates  dampers  and  several 
safety  devices  by  means  of  which  the  apparatus  shuts  itself  down 
automatically  should  the  power,  air  or  water  be  cut  off.  This  is 
important  to  prevent  possibility  of  very  highly  heated  air  at  low 
rrlati\c  humitlity  passing  to  the  drying  ware. 

Figures  14  to  16  show  other  forms  of  control  devices  for 
the  regulation  of  relative  humidity  regardless  of  temperature, 
while  Fig.  17  shows  the  device  for  the  control  of  both  tempera- 
ture and  humidity.  All  devices  of  this  kind  depend  upon  a 
memhcr  or  members,  expanding  or  contracting  at  a  definite  rate 
for  relative  hunii(lit\'  changes,  or  on  some  variation  of  the  wet 


554 


HUMIDITY   IX   RELATION   TO  DRVIXG  OF  CLAY   WARES 


HUMIDITY  IN  RELATION  TO  DRYING  OF  CLAY  WARES  5o5 


Fig.    10.     I'artial    view    ul    Canui     Uumianu:!-    cquippuil    \i;i;i    ..,.:.,. 
showing    main    parts    of    the    controling    machine. 
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Fig.  11.    Sprays  in  a  Carrier  HumiJiiler;  iiQt 
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and  dry  member  principle  similar  to  that  shown  in  Figs.  5  and  6. 
All  such  apparatus,  seen  by  the  writer,  operate  small  compressed 
air  relays,  which  actuate  diaphragm  valves  controlling  air 
dampers,  steam,  water  or  compressed  air  lines,  singly  or  in  com- 
bination. Figures  18  and  19  show  charts  of  recording  instru- 
ments demonstrating  the  control  possible  by  means  of  these 
regulating  devices.  F'igure  18  is  especially  interesting  in  that 
both  wet  and  dry  bulb  temperature  are  recorded,  also  the  wavy 
lines   indicate   how    sensitive   the   control ;   each    complete   wave 


indicating  one  readjustment  of  conditions  from  too  humid  to  too 
dry  back  to  too  humid  again. 

F'igure  20,  21  and  22.  show  outlines  and  photographs  of  a 
drier  designed  to  enable  the  operator  to  control  the  various  com- 
partments by  means  of  such  devices  as  shown  in  previous  cuts. 
This  drier  is  of  course  varied  to  suit  conditions,  such  as  in- 
creasing the  length,  dividing  into  more  compartments,  varying 
the  rate  of  heating  or  removal  of  moisture,  etc.  and  appears  to 
the  writer  to  be  adaptal)le  to  a  large  variety  of  w^are.  The 
apparatus  can  be  designed  to  handle  the  ware  on  trucks  which 
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can  be  brought  to  the  workman's  bench.  The  forming  of  the 
ware  immediately  on  the  trucks  is  not  an  impossibility  and  might 
be  of  great  advantage  in  some  cases.  This  drier  has  some  very 
fine  records  and  it  is  understood  that  4-in.  drain  tile  are  being 
dried  in  60  minutes  at  the  Clay  Products  Company,  Brazil,  Ind., 
with  conditions  of  control  far  from  the  best  possible ;  indeed 
without  the  use  of  any  automatic  devices.     Further  details  of 


To  diaphram 
',  air  motor  or  valve 


Air  leak 

Non-expanding  stem 

Expanding  stem 


Cushion  spring  ■ 
Regulating  valve 


J^Compressed  air  inlet 


Dew-point  Thermostat  slio 


operating  principle 


the    drier   can    lie   obtained    on   application   to   the    Philadelphia 
Textile  Machinery  Company,  Philadelphia,  Pa. 


SUMMARY    AND   CONCLUSIONS 

In  our  in\estigation  of  this  subject  the  following  points  were 
brought  out,  or  found  to  be  worthy  of  thought  when  such  con- 
trol is  under  consideration : 

I.  Drying  takes  place  more  rapidly  the  lower  the  relative 
humidity  at  the  same  temi)erature. 
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2.  Drying  takes  place  more  rapidly  the  higher  the  tempera- 
lure  with  the  same  relative  humidity. 

3.  A  safe  relative  humidity  for  one  ware  may  not  be  safe 
for  another.    Therefore  no  figures  are  given. 

4.  The  relative  humidity  in  general  increases  slightly  from 
the  ceiling  to  the  tloor. 


I'iG.     11,     Ihe    I; 


5.  Allowances  must  be  made  for  escajjing  moisture  from 
the  buildings,  which  is  una\-oidable  with  any  s\stem  of  ventila- 
tion. 

6.  It  is  desirable  to  have  a  flexible  humidifying  apparatus 
so  that  ware  in  different  parts  of  the  room  or  in  separate  rooms 
can  be  subjected  to  different  relative  humidities.  This  is  because 
many  designs  can  be  dried  much  more  rapidly  than  others  and 
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a  system  capable  of  maintaining  different  humidities  at  different 
spots  enables  one  to  take  advantage  of  this  fact. 

7.     Ware   heated  to   a  high  temperature,   say    150  deg.   F. 
with  a  relative  humidty  as  near  as  possible  to  100.  can  be  safely 


Fig.   35.     Showing  details  and  oi>traling  principle  of  the  C 


Differential  Hygrostat. 


dried  much  more  rapidly  than  if  it  is  heated  to  a  lower  tempera- 
ture at  the  same  relative  humidity  or  to  the  same  temperature 
at  a  lower  relative  humidity. 

8.     It  is  the  writer's  belief  that  any  time  lost  in  slower  first- 
stage  drying  is  more  than  compensated  for  by  the  greater  possible 
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Speed  in  safely  drying  the  ware  during  the  second  stage.  This 
has  not  been  proven  to  everyone's  satisfaction,  but  the  evidence 
at  present  points  this  way. 

9.  Most  ware  cannot  be  cooled  rapidly  even  though  bone 
dry.  The  writer  was  amazed  at  finding  that  a  drier  opened  at 
90—  100  deg.  F.  showed  high  loss  on  drawing,  though  the  ware 
was  apparently  in  first-class  condition  at  the  completion  of  the 
drying  treatment.  It  is  believed,  that  a  failure  to  realize  this 
fact  is  responsible  for  considerable  loss  in  the  drying  of  many 
products.  Indeed  I  have  seen  a  drier  proposal  where  provision 
was  made  to  cool  the  ware  at  a  rate  that  would  certainly  result 
in  enormous  loss  if  applied  to  the  ware  in  cjuestion. 

10.  In  most  cases  it  is  not  necessary,  or  desirable,  to  reduce 
the  moisture  content  of  the  ware  below  1J/2  to  2  percent  as  it  is 
expensive  to  do  so,  and  though  it  may  perhaps  be  necessary  for 
some  very  tender  products  with  which  we  are  not  familiar,  it  is 
not  necessary  for  most  ware. 

1 1 .  All  leather-hard  pieces  examined  shrink  only  a  few 
percent  in  drying,  and  that  shrinking  takes  place  with  the  elimina- 
tion of  the  first  few  percent  of  moisture. 

12.  Upon  the  operation  of  the  automatic  regulating  de- 
vices for  temperature  and  humidity  depends  the  success  of  the 
system  for  we  are  convinced  that  if  properly  regulated,  all 
systems  can  be  adapted,  though  one  system  will  undoubtedly 
prove  best  adapted  to  each  drying  problem.  For  the  first  stage 
in  dr\'ing,  temperature  control  is  seldom  essential,  as  the  ware 
will  usually  stand  variations  of  evaporation  rate  caused  by  any 
ordinary  variation  of  workable  room  temperatures,  provided 
the  relative  humidity  is  maintained  within  reasonable  limits.  If 
temperature  control  is  necessary,  there  are  a  number  of  devices 
on  the  market  for  so  doing. 

13.  The  opening  of  windows  in  the  shop  while  the  humidi- 
fying system  is  operating  will  upset  the  regulation.  This  sounds 
like  a  very  objectionaljle  feature  but  during  the  period  when 
windows  can  be  safely  opened  the  humidity  control  is  usually 
unnecessary  anyway.  It  is  also  believed  that  the  opening  of 
windows  (creating  drafts),  is  responsible  for  considerable  loss 
under  anv  conditions,  except  where  very  carefully  attended,  and 
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Fig.    16.    The    La 


Compensating    Hygrostat    with    cover    removed    to    show    the 
hygroscopic   niechanistn. 
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it  is  not  thought  that  the  opening  of  a  window  would  result  in 
any  more  serious  consequences  with  humidity  control  than  with- 
out. 

14.  Movement  of  air  is  essential  in  must  cases,  as  other- 
wise the  humidity  will  rise  very  much  higher  in  some  parts  of 
tiic  room  or  compartment  than  in  others,  depending  wholly  upon 


Type  W  Regulator, 


the  amount  of  moist  nialorial  and  the  amount  of  water  vaporized 
in  each  locality. 

15.  There  are  certain  times  where  a  high  humidity  in  the 
forming  room  would  he  objectionable,  but  provided  the  tempera- 
tures are  kept  reasonably  low  throughout  the  winter  this  should 
give  very  little  trouble,  and  in  summer  when  the  temperatures 
are  high  it  is  seldom  necessary  to  use  the  humidifying  devices, 
though   in   some  instances  greater  comfort  can   l)e  attained   for 
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the  workers  by  humidifying  the  air  as  the  evaporation  of  moisture 
tends  to  reduce  the  temperature.  Figure  23  is  a  chart  showing 
the  cooHng  effect  of  water  evaporated  under  various  conditions, 
giving  some  idea  of  the  possibilities  of  temperature  rechiction  by 
the  introduction  of  additional  water  vapor  into  the  air. 


Fig.  is.     Chart  f. 

peratures.     These    charts    are    completi 

Carrier    Automatic    Dew-point    Control 

between    7.30  A.   M.   and   5.30   P.    M.     No  attempt 

peratures  throughout  the  night.     Note  particularly  th 

temperature     during    the    periods    of    regulation,    t 

automatic  dew-point  control  was  almost  continually 


temperatur 


,ithin  the 


ange  for  which  it  was  set. 


of    actual    results    < 

plant  the  regulation  is  desired  o 
lade  to  maintain  constant  t( 
'avy  appearance  of  the  dry  b 

waviness    indicating    that 
action,  and  successfully  held 


1 6.  One  question  has  arisen  which  has  not  been  success- 
fully answered  to  everyone's  satisfaction  though  many  possible 
causes  have  been  suggested.  The  writer  would  welcome  sug- 
gestions from  the  members  as  to  the  cause  of  the  following : 
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It  has  been  repeatedly  found  that  ware  will  crack  after 
shrinkage  has  ceased,  and  though  such  cracking  is  much  less 
frequent  when  parts  are  carefully  handled  during  the  shrinking 


Fig.  19.    ("Iiart  taken  from  the  recording  Ihermonicters  at  the  discharge  of  a  Carrier  Dehumidifier 
equipped  with  automatic  dew-point  regulation.    Note  the  splendid  regulation. 


period,  it  is  possible  to  crack  them  after  shrinkage  has  stopped 
with  the  best  known  care  being  taken  before  that  time. 

I",      in    localities   where   high   natural   humidities    (causing 
very  much  delayed  drying),  are  regularly  encountered  for  con- 
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Fis.    20,    21    and    22.     Copper    plate    showing    three    views    of    a    drier    employing    the 
principles    of    humidity    contrui. 
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siderable  periods  in  summer,  the  possibilities  of  de-humidifying 
the  drying  room  air  for  first-stage  drying  would  seem  n-orthy 
of  investigation.  \'ery  large  areas  could  not  be  economically 
dehumidified,  but  a  room  so  controlled  for  the  production  of 
ware  for  rush  delivery  or  for  parts  which  cannot  be  moved  to 
the  drier  until  after  some  drying  is  accomplished,  seems  entirely 
feasible.  A  large  number  of  plants  in  many  lines  of  manufacture 
are  so  controlling  certain  rooms  very  successfully. 

The  writer  would  like  to  add  in  closing  that  the  possibilities 
of  such  drying  are  very  great,  for  though  the  claims  of  some  of 
the  drier  concerns  may  seem  extravagant,  and  perhaps  are,  there 
are  possibilities  even  beyond  their  claims.  In  the  course  of  a 
year  many  clay  workers  visit  our  plant  and  a  great  majority 
of  them  are  looking  for  one  means  or  another  of  hastening  the 
delivery  of  finished  products,  and  we  find  them  considering 
many  expensive  schemes  of  plant  rearrangement,  continuous 
kilns,  new  machinery,  etc.,  to  save  in  some  instances  only  a  day 
or  two.  It  would  seem  that  the  most  likely  method  of  facilitating 
production  is  being  overlooked,  namely,  hastening  drying  by 
properly  controlled  conditions.  I  met  one  gentleman  last  year 
who  advised  that  there  was  a  period  the  previous  summer  when 
drying  was  practically  at  a  standstill  for  nearly  six  weeks,  and 
I  am  sure  his  ware  could  be  safely  dried  in  one  week  after  proper 
conditions  are  ascertained.  To  demonstrate  the  point,  on  a  num- 
ber of  occasions  we  have  succeeded  in  safely  drying  in  12  hours 
one  of  our  most  <lifificult  pieces  which  often  shows  considerable 
loss  in  air  drying  for  one  month  under  conditions  which  we  be- 
lieve are  more  carefully  controlled  than  in  the  average  plant. 
Though  we  do  not  know  as  yet  just  the  proper  handling  to  ac- 
complish quite  such  rapid  drying,  it  has  been  done  repeatedly, 
and  we  know  that  the  relation  between  humidity  and  temperature 
and  the  proper  degree  of  each  are  the  controlling  factors.  The 
results  are  not  freaks,  and  there  is  no  doubt,  that  with  a  fuller 
understanding  of  the  factors,  the  results  can  be  reproduced  at 
will,  though  perhaps  drying  in  quantity  may  cause  difficulties 
that  will  make  12-hour  drying  impractical. 


568 


HUMIDITY   IX   RELATION  TO  DRYIXG  OF  CLAY  WARES 


lIUMiniTY  IN  RELATION   TO  DRYINT,  OF  CLAY  WARES  569 

DISCUSSION 

Mr.  Stover:  The  subject  matter  of  this  paper  is  one  that, 
what  uc  don't  know  about,  would  make  several  volumes,  and 
yet  it  is  a  thing  we  are  paying  for.  I  find  that  we  have  to  go 
out  of  the  clay  industry  to  get  data  such  as  has  been  shown 
here,  although  the  men  who  have  put  up  apparatus  for  other 
industries  guarantee  5,  6  and  12-liour  drying  of  any  piece  of 
ceramics  that  they  have  ever  heard  of  or  seen,  and  if  that  should 
be  true  I  think  some  of  us  would  have  to  re-arrange  our  plans 
to  get  the  thing  in  w'Orking  order. 

Mr.  Barringcr:  It  is  true,  there  is  no  doubt  about  it,  that 
the  control  of  drying  can  be  ef^'ected  and  that  it  means  an 
enormous  reduction  in  drying  time.  I  think  the  subject  is  of 
sufficient  inijiortance  to  warrant  the  careful  consideration  of 
this  Society. 

Mr.  Stover:  I  wanted  to  ask  whether  any  of  the  members 
as  an  organization,  or  the  ISureau  of  Standards,  have  made  any 
investigation  along  this  line?  The  question  of  not  only  getting 
the  humidity  and  the  temperature  at  the  right  point,  but  the 
question  of  pressure  is  one  that  is  handled,  more  particularly  in 
the  foreign  literature  that  I  have  been  able  to  get.  Some  of 
the  French  and  German  and  English  works  on  this  subject  handle 
pressure  in  connection  with  humidity  and  temperature  to  great 
advantage.  1  lave  we  any  data  from  other  members  on  this 
subject? 

Mr.  Barriiii/er:  In  the  humidity  dryers  that  Mr.  Denmead 
spoke  of  at  the  General  Electric  Company,  which  are  only  a 
sto])  on  the  road  to  the  ultimate,  we  have  been  able  to  reduce 
drying  from  8  and  9  weeks,  to  i  week.  I  have  seen  magnesia 
bricks  dried,  they  are  being  dried  right  along  by  the  Harbeson 
and  Walker  Company  in  an  enclosed  dryer,  and  the  reduction 
of  time  has  been  enormous.  Here  is  a  thing  that  has  been  the 
trouble  of  clay  workers  for  years,  and  it  is  one  of  those  things 
that  have  always  been  accepted  as  a  necessary  evil,  and  yet 
there  is  no  stage  of  the  art,  no  branch  of  the  art  for  which  we 
have  available  any  more  accurate  or  ingenious  instruments  than 
we   have  today.     The   people   who  have  given   attention   to  air 
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conditions  for  offices  and  for  other  industries  are  in  position  to 
furnish  the  clay  workers  with  means  of  almost  absolute  control, 
and  to  have  successful  drying  means  absolute  control.  Absolute 
control  means  instruments  of  precision  and  exactness,  and  those 
I  think  we  have.  In  passing,  I  should  remark  that  this  is  a 
matter  of  exceeding  importance. 

Mr.  Staley:  I  would  like  to  ask'  Mr.  Denmead  how  high 
you  can  get  humidity  in  any  commercial  dryer  without  having 
condensation.  We  have  experimented  with  dryers  out  at  Iowa 
State  College  quite  a  little,  and  when  we  have  tried  to  run  the 
humidity  up  to  say  80  percent  humidity,  always  found  we  got 
some  condensation  on  the  ceiling  of  our  dryers.  I  just  want  to 
know  about  how  high  you  can  run  the  humidity  without  getting 
condensation.  It  is  possible  that  with  better  circulation  that 
you  do  not  have  that  trouble.  We  had  considerable  circulation, 
but  whenever  we  got  above  65  or  70  percent  humidity,  we  found 
that  we  had  condensation,  which  was  worse  than  not  having 
humidity. 

Mr.  Denmead:  We  have  had  the  same  conditions  in 
Schenectady.  I  have  claimed  for  a  long  time  that  it  was  very 
essential  to  move  large  volumes  of  air.  I  had  to  hurry  through 
my  paper  so  rapidly  that  I  could  not  cover  this  point  very  much 
in  detail ;  but  the  large  fans  are  a  recognition  of  the  fact  that 
there  is  danger  of  building  up  humidity  higher  at  some  points 
than  at  others.  I  might  add  that  I  saw  a  silk  dryer  in  which 
existed  a  humidity  of  nearly  95  percent  without  any  condensa- 
tion at  all,  but  enormous  quantities  of  air  were  being  moved. 

Mr.  Staley:  You  have  to  move  every  square  foot  of  air  in 
the  dryer  all  the  time? 

Mr.  Denmead:  Originally  in  our  work  we  had  condensation 
all  o\er  the  roof  below  80  percent. 

Mr.  Watts:  I  would  like  to  ask  if  there  is  not  an  enormous 
waste  of  heat  in  moving  that  large  amount  of  air,  or  do  you 
move  it  out  into  the  factory  and  use  that  saturated  air  for  some- 
thing else  ? 

Mr.  Denmead:  It  is  a  very  good  proposition,  but  we  are 
merely  circulating  the  air  in  our  dryer  and  letting  it  escape  out 
through  doors  and  windows,  etc.    In  the  Philadelphia  machinery 
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dryer,  where  large  fans  are  used,  a  means  exists  of  taking  away 
a  small  amount  of  the  air  all  the  time  by  small  blowers.  A 
small  fan  is  removing  a  certain  amount  of  air  from  the  dryer 
and  continually  [jutting  new  air  in  all  the  time. 

Mr.  Slalcy:  1  would  like  to  ask  another  question;  1  am 
very  nnicli  interested  in  this  proposition.  I  would  like  to  ask  if 
you  can  give  any  general  idea  of  the  size  of  the  fan  and  the 
power  that  would  be  required,  say  in  a  loo-foot  tunnel  (jf  a 
dryer  heated  by  steam,  to  provide  circulation?  I  have  talked 
about  this  matter  of  circulation  to  several  clay  workers  who  have 
steam  dryers.  I  said  to  them — "Why  don't  you  buy  a  fan  and 
circulate  the  air,  take  it  out  the  roof  and  bring  it  around  in  the 
bottom  again?"  And  they  asked,  "llow  much  power  will  it 
take?"     Well,  I  don't  know. 

Mr.  Dcnmcad:  I  cannot  answer  that  question  directly, 
though  I  did  have  some  figures  on  a  dryer  that  I  am  not  free 
to  give,  but  the  power  is  very  small  in  that  case,  because  the  fan 
is  merely  taking  up  air  that  is  delivered  to  it  under  pressure. 

Mr.  Staley:    What  delivers  it  ? 

Mr.  Deiimead:  Well,  the  first  fan  practically  is  taking  nearly 
all  the  power. 

Mr.  Staley:    The  tirst  fan  takes  how  much  ])ower? 

.]fr.  Dcnmcad:  It  does  not  take  anything  like  the  power 
that  would  appear  from  all  those  fans. 

.Mr.  .S'talry:  .Say  you  have  a  lOO-foot  tunnel  and  want  to 
circulate  the  air  in  it;  just  as  a  guess,  how  big  a  fan  does  it 
require  ? 

.l/r.  Bhtir:  There  was  an  operation  at  Lovett,  .\labama,  on 
the  outskirts  of  ISirniinghani.  14  years  ago.  a  brick  dryer  of 
this  ty])e.  i'robahly  Mr.  Stevenson,  who  was  interested  in  that, 
could  give  _\ou  information  on  it. 

Mr.  Stalcx:  Owing  to  the  enormous  friction  we  have  in 
blowing  air  through  a  lot  of  drying  clay  ware,  it  takes  a  great 
deal  more  ])ower  than  the  blower  companies  figure. 

Mr.  Linbanicy;  We  have  been  doing  considerable  work 
along  the  line  which  has  just  been  explained  and  have  found  that 
in  a  manually  controlled  drying  room  we  are  able  to  maintain 
a  higher  rel;iti\e  huniidit\'  l>y  the  use  of  a  steam  jet  than  with 


572  HUMIDITY   IX   RELATION'   TO  DRYING  OF  CLAY   WARES 

a  water  spray.  I  would  like  to  ask  what  advantage  there  is  in 
using  water  instead  of  steam  in  an  automatically  controlled 
humidity  system. 

Mr.  Denmead:  Steam  immediately  raises  the  temperature 
of  the  dryer  and  afifects  the  control  of  your  steam  line  through 
the  automatic  devices ;  steam  being  used  for  the  purpose  of 
humidifying  often  raises  the  temperature  and  makes  the  control 
much  more  difficult. 

Mr.  Liiibargcr:     How  great  is  that  difficulty? 

Mr.  Denmead:  It  is  great  enough  so  that  we  have  decided 
not  to  use  it  in  our  driers  any  more ;  we  plan  to  use  water  entirely. 


MEASUREMENT    OF    THE    TIME    OF    SET    OF    CAL- 
CINED GYPSUM 

r.V   WARREX   E.   EMLKV 

The  time  of  set  of  calcined  gypsum,  or  of  a  prepared'  wall 
])laster  made  therefrom,  is  one  of  its  most  important  properties. 
Pure  CaSOj.J^HoO  sets  very  rapidly.  Commercially,  however, 
the  time  of  set  is  subject  to  variation,  due  to  impurities  in  the 
gypsum,  to  the  temperature  of  calcination,  or  to  the  addition  of 
retarder.  Under  these  circumstances,  it  is  impossible  to  use  the 
time  of  set  as  a  criterion  by  which  to  judge  the  purity  or  proper 
calcination  of  the  material.  The  time  of  set  of  calcined  g}psum 
is  far  more  important :  it  is  frequently  the  determining  factor 
which  governs  the  suitability  of  a  given  plaster  for  a  given  pur- 
pose. For  example,  a  plaster  should  not  begin  to  set  too  soon, 
or  its  application  would  be  a  difficult  matter :  but  having  been 
api^lied.  it  should  then  set  as  rapidly  as  possible,  in  order  not  to 
delay  the  work.  Obviously,  any  specification  for  calcined  gypsum 
or  wall  plaster  should  cover  the  time  of  set.  The  writing  of 
such  specifications  has  been  undertaken  by  Committee  C-ii,  A.  S. 
T.  M.,  and  as  a  necessary  preliminary  thereto,  a  standard  method 
for  measuring  the  time  of  set  must  be  developed. 

The  time  of  set  of  any  plaster  is  customariK-  divided  into 
two  periods,  which  may  logically  be  differentiated  as  follows. 
For  some  time  after  the  plaster  has  been  mixed  with  water,  it 
may  be  worked  with  impunity.  Eventually,  at  the  point  of 
"initial  set,"  it  begins  to  harden.  After  this,  any  further  work- 
ing will  destroy  whatever  bond  has  been  formed,  thus  impairing 
the  value  of  the  finished  product.  Finally,  the  material  will  have 
undergone  sufficient  hardening  so  that  it  can  no  longer  be  worked, 
and  is  then  said  to  have  taken  its  "final  set."  With  most  plasters 
neither  of  these  points  is  very  sharply  defined,  so  that  it  is  deemed 
expedient  to  adopt  some  arbitrary  means  of  determining  them. 
For  example,  it  would  be  very  difficult  to  decide  just  when  a 
sample  of  Portland  cement  had  set  sufficiently  so  that  it  could 
(573) 


574  MEASURIXc;   TIME   OF    SET  OF   CALCINED  GYPSUM 

no  longer  be  worked.  We  can.  however,  iletennine  when  a  needle 
of  given  dimensions  will  not  penetrate  it,  and  arbitrarily  state 
that  this  shall  be  called  the  time  of  final  set.  To  be  acceptable, 
any  such  empirical  designation  must  fulfill  three  requirements: 
(i)  It  must  conform  pretty  closely  to  what  is  generally  con- 
ceded to  be  the  time  of  set  of  the  material  both  from  a  scientific 
and  -a  practical  viewpoint.  (2)  It  should  be  simple,  so  that  the 
test  will  not  be  too  costly.     (  3 )    It  must  be  universally  adopted. 

The  mechanics  of  the  setting  of  calcined  gypsum  is  so  well 
known  that  it  needs  no  explanation  here.  One  point  should, 
however,  be  called  to  your  attention :  the  tremendous  effect  of 
small  amounts  of  foreign  inaterial  in  the  water  and  sand.  If  a 
contractor  in  a  certain  localitv  desires  a  plaster  which  will  set 
on  the  wall  in  from  four  to  six  hours,  the  manufacturer  may 
give  him  a  calcined  gypsum  which  when  mixed  neat  with  dis- 
tilled water  will  set  in  forty  minutes.  The  manufacturer  must 
thus  be  familiar  with  the  qualities  of  sand  and  water  in  his 
markets,  and  allow  for  them.  Obviously,  such  anomalous  con- 
ditions are  not  conducive  to  free  intercourse,  because  if  the  above 
contractor  asked  a  manufacturer  who  was  unacquainted  with 
local  conditions  for  a  gypsum  plaster  which  would  set  in  four 
hours,  the  material  received  would  probably  not  fulfill  his  require- 
ments. 

Many  methods  of  measuring  the  time  of  set  of  calcined 
gypsum  have  been  suggested,  and  most  of  them  are  in  use,  with 
the  result  that  it  is  difficult  to  find  any  two  people  who  agree  as 
to  the  time  of  set  of  a  given  sample.  Recently  a  sample  of  plaster 
was  thoroughly  mixed  and  divided  into  five  parts,  which  were 
sent  to  five  different  manufacturers.  Each  one  determined  the 
time  of  set  by  the  method  he  is  accustomed  to  use.  The  results 
varied  from  16  minutes  to  93  miiuites.  It  is  for  the  purpose  of 
learning,  if  possible,  which  of  the  methods  is  best  adapted  to 
this  material,  that  the  i^resent  work  was  undertaken. 

The  methods  in  use  may  be  grouped  as  follows :  A  — 
Methods  based  upon  the  measurement  of  the  actual  strength  or 
hardness  of  the  material  at  different  time  intervals.  B — Methods 
based  upon  the  measurement  of  some  concurrent  phenomenon 
such  as  the  rise  of  temperature,  or  the  expansion.     C  —  Rule  of 
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thumb  methods,  which  were  originally  devised  for  plant  control, 
but  have  frequently  found  their  way  into  specifications. 

I'or  the  experimental  work,  a  large  sample  of  pottery  plaster 
was  mixed  and  stored  in  an  air-tight  container  until  used.  It 
was  extremely  lean  and  slow  setting,  and  therefore  very  well 
adajned  to  the  work.  The  experiments  reported  in  a  paper  by 
Kerr'  called  attention  to  the  necessity  of  using  the  same  con- 
sistency throughout,  if  the  results  are  to  be  at  all  comparable. 
Since  the  same  quality  of  plaster  was  used  for  all  experiments, 
uniform  consistency  could  be  obtained  by  keeping  the  proportions 
of  water  and  plaster  constant.  It  was  decided  to  use  a  rather 
thin  consistency  so  that  small  errors  in  weighing  the  materials 
would  have  no  effect.  The  following  procedure  was  maintained 
constant  for  all  experiments :  In  a  perfectly  clean  porcelain 
casserole,  put  65  cc.  of  distilled  water.  .\t  a  definite  noted  time, 
which  shall  be  designated  hereafter  as  zero  time,  100  grams  of 
plaster  was  added  to  the  water  as  quickly  as  possible.  This  was 
permitted  to  soak  for  one  minute,  and  was  then  stirred  vigorously 
with  a  glass  stirring  rod  for  one  minute.  Thus  the  sample  was 
ready  for  use  exactly  two  minutes  after  zero  time.  Extreme 
care  was  taken  to  see  that  all  traces  of  set  plaster  were  removed 
from  the  casserole  and  stirring  rod  after  each  exjjcriment.  The 
molds  were  cleaned  thoroughly,  and  then  dipi^ed  in.  melted 
paraffine  just  before  using.  A  stirring  rod  is  to  be  preferred  to 
a  spatula  or  trowel  for  many  reasons :  its  use  precludes  the  possi- 
bility of  chemical  or  electrical  action  ;  it  is  more  easily  kept  clean ; 
the  plaster  and  water  can  be  stirred  into  a  homogeneous  mass 
without  the  "working"  effect,  which  is  necessarily  attendant  upon 
the  use  of  a  larger  blade. 

Under  Group  A,  the  first  method  to  lie  examined  is  the 
strength  measurement.  This  method  is  the  only  one  which  can 
be  regarded  as  absolute  rather  than  empirical.  If  a  point  of  time 
can  be  found  such  that  any  further  working  of  the  sample  beyond 
that  point  will  cause  a  diminution  of  strength,  that  point  is  by 
definition  the  time  of  initial  set.  Unfortimately.  the  method  is 
far  too  laborious,  and  the  results  too  indefinite  for  general  use,  so 
that  it  is  of  value  only  for  judging  which  of  the  empirical  methods 

>  Trans,   .•finer.   Cer.   Soc.   Xrill.    1916. 
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comes  nearest  to  the  truth.  The  experiment  was  conducted  as 
follows:  A  sample  of  plaster  and  water,  mixed  as  above  de- 
scribed was  permitted  to  stand  for  X  minutes.  It  was  then  re- 
worked by  mixing  vigorously  with  a  steel  spatula,  and  cast  into 
three  briquettes.  One  hour  after  zero  time,  the  briquettes  were 
removed  from  the  molds  and  put  into  a  drying  oven  at  40°  C. 
Twenty-four  hours  later,  they  were  removed  from  the  oven,  and 
tested  immediately.  X  was  varied  by  one  minute  intervals  from 
2  minutes  past  zero  time  till  the  material  was  no  longer  work- 
able. The  results  are  shown  in  Fig.  i  and  the  remarks  on  the 
accompanying  phenomena  in  Fig.  2.  The  immediate  increase  to 
a  maximum  is  probably  due  to  the  thin  consistency  used ;  for  the 
first  four  minutes,  the  plaster  settled  out  of  the  mixture  so  rapidly 
that  an  undue  proportion  of  it  remained  in  the  dish  after  the 
briquettes  had  been  cast.  This  tendency  becomes  less  marked  as 
the  plaster  begins  to  thicken.  For  example,  in  the  5  minute 
sample  the  strength  of  the  three  individual  briquettes  were  120, 
206  and  317  pounds  per  square  inch,  indicating  conclusively  that 
the  mixture  was  not  homogeneous.  The  9  minute  sample  showed 
strengths  of  191,  212,  217,  showing  that  the  mixture  had  thickened 
sufficiently  to  keep  the  plaster  from  settling  out.  In  view  of 
these  results,  it  is  possible  that  the  depression  shown  at  eight 
minutes,  may  be  due  to  experimental  error.  The  curve  shows 
clearly  that  the  time  of  initial  set  for  this  plaster  is  10  minutes, 
because  if  the  sample  is  worked  after  this  time,  it  loses  strength. 
The  time  of  final  set  is  shown  by  Fig.  2  to  be  2"]  minutes.  The 
plaster  can  be  worked  after  this  time  but  not  satisfactorily :  the 
briquettes  made  at  28  and  29  minutes  had  rough  surfaces  and 
were  ragged  and  full  of  holes.  Fig.  i  shows  that  these  last  two 
samples  were  stronger  than  those  preceding  them.  This  is  prob- 
ably because  the  damp  powders  were  packed  into  the  molds  with 
considerable  force  in  an  endeavor  to  make  a  presentable  specimen. 
The  next  four  experiments  were  conducted  to  examine  the 
''penetration  method."  The  \'icat  needle  is  i  mm.  in  diameter, 
and  weights  300  grams.  Curve  i  in  Fig.  3  shows  how  far  this 
needle  will  penetrate  into  the  paste  by  its  own  weight  after  given 
intervals  of  time.  It  will  be  noted  that  this  method  shows  no 
indication  of  any  initial  set  at  10  minutes.    It  shows  very  sharply 
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and  distinctly  the  point  of  final  set  at  27  minutes.  It  shows  also 
another  rather  indefinite  point  at  about  45  minutes,  when  the 
needle  will  make  no  impression  on  the  surface  of  the  plaster. 

Curves  2,  3  and  4  in  Fig.  3  were  produced  by  changing  the 
size,  the  shape,  and  the  weight  of  the  needle,  respectively.  Appar- 
ently with  these  needles,  the  final  set  occurs  in  less  time.  Fig.  2 
tells  us  that  this  is  not  so.  and  therefore  the  regulation  X'icat 
needle  (Curve  i.  Fig.  3)  is  best  adapted  to  the  material.  There 
is  no  indication  of  any  initial  set  shown  by  any  of  them. 

Under  Group  B  there  are  two  general  methods,  based  upon 
expansion  and  temperature  rise.  We  know  that  calcined  gypsum 
expands  as  it  sets,  and  a  measure  of  the  rate  of  expansion  should 
therefore  measure  the  rate  of  set.  A  thin  walled  rubber  bulb 
was  filled  with  water  and  placed  in  a  small  heavy  metal  can. 
The  can  was  then  filled  with  a  sample  of  plaster  anil  water  mixed 
as  above  described.  The  cover  was  then  screwed  on  until  the 
plaster  came  out  through  two  holes  in  it.  so  that  the  can  was 
completely  filled.  Through  one  hole  in  the  cover  protruded  the 
stem  of  the  bulb,  which  was  connected  to  a  vertical  glass  tube. 
The  other  hole  served  to  introduce  a  thermometer  into  the  plaster. 
As  the  plaster  expanded  it  squeezed  the  water  out  of  the  bulb 
and  made  it  rise  in  the  glass  tube,  where  its  height  could  be  read. 
The  thermometer  was  read  simultaneously,  and  the  height  of  the 
water  corrected  for  the  expansion  due  to  heat.  The  final  results 
are  plotted  in  the  curve,  Fig.  4.  This  curve  also  shows  no  initial 
set.  It  shows  the  final  set  at  2/  minutes,  but  not  so  sharply  and 
definitely  as  curve  3.  Fig.  3. 

Heat  is  generated  by  the  chemical  reaction  which  causes  the 
set  of  gypsum.  This  causes  the  temperature  of  the  mass  to  rise, 
and  the  rate  of  the  rise  of  temperature  should  therefore  be  an 
indication  of  the  rate  of  set.  This  method  has  been  more  widely 
used  and  more  thoroughly  investigated  than  any  other,  but  it 
seems  that  one  of  the  basic  principles  has  been  overlooked.  The 
speed  of  any  chemical  reaction  is  either  retarded  or  accelerated 
by  an  increase  of  temperature.  Assuming  that  the  method  of 
manipulation  is  so  refined  as  to  prevent  all  loss  of  heat  by  radia- 
tion, then  a  large  sample  of  plaster  will  generate  more  heat  than 
a  smaller  one,  but  it  will  also  have  a  larger  quantity  of  material 
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to  heat.  The  final  temperature  will  depend  upon  the  balancing 
of  these  two  factors.  Without  attempting  to  discuss  whether  a 
large  sample  will  give  a  higher  or  lower  temperature  than  a 
small  one,  we  may  be  reasonably  certain  that  the  two  temperatures 
will  not  be  the  same,  even  under  ideal  conditions.  Practically, 
the  sample  is  always  subject  to  more  or  less  loss  of  heat  by  radia- 
tion, so  that  the  temperature  as  read  really  indicates  the  differ- 
ence between  the  rate  at  which  the  heat  is  generated  and  the 
rate  at  which  it  is  lost  by  radiation.  Therefore  the  maximum 
temperature  is  a  function  of  the  shape  and  size  of  the  specimen, 
the  difference  between  the  temperature  of  the  specimen  and  that 
of  the  air  and  other  similar  factors  which  govern  the  radiation 
of  heat.  It  is  logical  to  assume  that  the  absolute  value  of  the 
temperature  at  any  time  will  have  some  influencfe  on  the  speed 
of  the  reaction,  and  therefore  on  the  rate  of  set.  at  that  time. 

The  curves  i.  2  and  3  of  Fig.  5  show  the  effect  of  the  size 
of  the  sample  on  the  rate  of  temperature  rise.  They  were  made 
by  inserting  a  thermometer  in  the  center  of  a  one  inch,  two  inch, 
and  three  inch  cube  respectively.  The  molds  were  made  of 
paraffined  paper,  and  care  was  taken  to  keep  the  factors  govern- 
ing radiation  as  nearly  constant  as  possible.  It  will  be  noted  that 
curves  i  and  2  show  maximum  temperature  at  45  minutes, 
while  the  rate  of  set  of  the  3  inch  cube  is  somewhat  retarded. 
The  size  of  the  specimen  evidently  makes  little  difference,  pro- 
vided it  is  not  too  large.  It  is  suggested  that  a  good  design 
would  be  a  cylindrical  specimen  of  such  a  size  that  the  bulb  of 
the  thermometer  would  be  ecjuidistant  from  the  surface.  For 
example,  if  the  bulb  of  the  thermometer  is  J  in.  long  by  ^  in. 
diameter,  the  specimen  might  be  made  if  in.  long  by  i^  in.  dia- 
meter, and  then  every  point  on  the  surface  of  he  bulb  would 
be  just  ^  in.  from  the  surface  of  the  specimen.  A  mold  of  this 
shape  can  be  conveniently  made  by  cutting  a  piece  of  paper  of 
the  required  dimensions,  dipping  it  in  melted  paraffin,  rolling  it 
to  shape,  and  mounting  it  on  paraffin  on  a  glass  plate. 

Specimens  of  this  shape  were  used  in  curves  4  and  5  in 
Fig.  5,  which  show  the  effect  of  variation  of  initial  tempera- 
ture. 
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I'liree  points  are  to  l)e  noted  from  these  five  curves:  (i) 
Initial  set  occurs  before  there  is  any  noticeable  rise  of  tem- 
perature. (2)  At  the  time  of  final  set,  the  temperature  has 
begun  to  rise,  but  there  is  no  sharp  break  in  the  curve  to  indi- 
cate a  sudden  change  in  the  rate  of  reaction.  (3)  There  is  a 
well  defined  point  of  maximum  temperature,  vi-hich  has  fre- 
quently been  called  the  time  of  set.  If,  however,  we  define 
final  set  as  the  time  after  which  the  material  is  no  longer 
workable,  this  point  of  maximum  temperature  occurs  consid- 
erably (with  this  i)laster,  18  minutes)  later  than  the  final  set. 
It  does  not  mark  the  completion  of  the  chemical  reaction,  for 
we  know  that  the  specimen  will  continue  to  increase  in  strength 
for  days.  This  point  can  only  be  interpreted  as  the  time  at 
which  the  reaction  reaches  its  maximum  velocity.  The  point 
is  undouljtedly  of  scientific  interest,  but  inasmuch  as  the 
plaster  has  long  before  ceased  to  be  workable,  it  is  difficult 
to  sec  how  this  point  can  have  any  practical  significance.  Cer- 
tainly it  is  a  misuse  of  terms  to  call  it  the  time  of  set. 

( )nly  one  conclusion  can  be  drawn  from  the  above  ex- 
periments:  The  measurement  of  the  temperature  rise  is  useless 
fur  determining  the  time  of  set. 

In  Group  C  are  included  a  number  of  empirical  methods, 
the  results  of  which  are  shown  in  Fig.  6.  None  of  these  re- 
quires any  especial  explanation,  except  that  the  standard  Ger- 
man method  for  measuring  initial  set  is  when  the  knife  leaves  a 
clean  cut ;  and  for  final  set,  when  the  shavings  come  off 
grainy  and  brittle.  The  inuiiber  of  methods  in  this  group  could 
be  multiplied  indefinitely,  since  almost  everyone  dealing  with 
gvjisum  has  a  pet  method  of  his  own.  The  seven  methods 
given  were  selected  as  being  typical,  and  since  none  of  them 
shows  the  remotest  connection  with  the  time  of  set,  either 
initial  or  final,  it  is  hardly  worth  while  to  go  further. 

I'"roni  tlic  abi>\e  tliscussion  it  seems  reasonable  to  draw 
the  following  conclusions:  (I)  Xone  of  the  methods  ex- 
amined is  capable  of  indicating  the  initiid  set.  (2)  The  ordi- 
nary Vicat  needle,  imm.  in  diameter,  weighting  300  grams, 
is  eminently  satisfactory  for  measuring  the  final  set.  (3) 
There  is  a  third  poiiU.  indicated  by  the  temperature  curves  and 
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by  some  of  the  methods  in  Group  C,  which  is  apparently  the 
time  of  maximum  velocity  of  setting.  This  point  is  of  doubt- 
ful practical  value. 

Referring  to  Fig.  i  we  find  that  when  pla.ster  is  worked 
after  it  has  taken  its  initial  set,  its  strength  is  somewhat  im- 
paired. Fortunately,  however,  it  does  not  seem  possible  to  de- 
crease the  strength  below  ordinary  practical  re(iuirements. 
That,  is,  for  most  purposes  for  which  gypsum  is  used,  it  could 
make  little  ditfcTcnce  wluther  its  tensile  strength  is  250 
pounds  ()er  scpiare  inch  or  only  125.  Indeed,  experience  leads 
one  to  believe  that  in  most  cases  initial  set  has  taken  ])lace 
before  the  application  of  the  plaster  has  been  completed.  In 
other  words,  the  working  of  a  gypsum  plaster  makes  no  se- 
rious diti'erence  in  its  properties  up  to  the  time  of  final  set 
when  it  can  no  longer  be  worked.  From  a  practical  view  point, 
therefore,  the  measurement  of  the  time  of  initial  set  is  un- 
necessary the  final  set  only  being  of  importance. 

This  interpretation  of  results  may  be  objected  to  by  one 
familiar  with  the  testing  of  Portland  cement.  By  such  a  one, 
the  first  break  in  curve  3,  Fig.  3  would  be  taken  as  indicating 
the  time  of  initial  set,  instead  of  the  time  of  final  set,  as  it  has 
here  been  designated.  In  answer  to  this  objection,  it  may  be 
stated,  first:  The  definition  of  either  initial  or  final  set,  when 
measured  by  a  penetration  method,  is  purely  empirical.  'J'here 
is,  therefore,  no  particular  reason  for  following  the  definitions 
adopted  by  the  ceiuent  industry,  when  there  is  any  advantage 
to  be  gained  by  deviating  from  them.  Second :  1  f  it  is  ac- 
cepted as  logical  that  final  set  has  occurretl  when  it  is  no 
longer  ]ihysically  possible  to  work  the  material,  then  a  com- 
parison of  Figs.  I,  2  and  3,  will  he  convincing  that  the  first 
break   in   curve   3.    I'ig.   3   corres|)()nds   to   the   time   of   final   set. 

Ijased  on  the  above  information,  the  following  method  is 
recommended  for  determining  the  time  of  set  of  calcined 
gypsum  or  of  prepared  plaster  made  therefrom.  Determine 
first  the  normal  consistency  using  the  Southard  instrument, 
as  recomended  by  Sub-committee  4  of  Committee  C-ii.  A.  S. 
T.  M.  Determine  from  this  the  amount  of  water  which  must 
be  added  to   100  grams  of  the  sample  to  produce  a  paste  of 
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normal  consistency.  In  a  perfectly  clean  porcelain  casserole, 
put  three  times  this  amount  of  distilled  water.  Weight  out 
300  grams  of  the  sample  and  transfer  to  a  clean  sheet  of  glazed 
paper.  Also  provide  a  clean  glass  stirring  rod  about  ^  in.  dia- 
meter? When  the  second  hand  of  a  watch  points  to  zero, 
transfer  the  sample  from  the  paper  to  the  casserole.  This 
should  be  done  as  quickly  as  possible  without  splashing,  and 
should  not  take  more  than  two  seconds.  Let  the  plaster  soak 
quietly  until  the  second  hand  again  reaches  zero,  when  the  mix- 
ture is  to  be  stirred  vigorously  by  means  of  the  stirring  rod  for 
one  minute,  by  which   time  the  mass  should  be  homogeneous. 

At  the  end  of  the  second  minute,  this  mixture  should  be 
poured  into  the  mold  for  the  Vicat  needle.  At  one  minute  in- 
tervals, the  needle  is  allowed  to  sink  into  the  paste.  Eventually 
there  will  be  found  a  time  when  the  needle  will  not  penetrate 
clear  to  the  bottom.  The  time  elapsed  between  the  time  when 
the  sample  was  added  to  the  water  and  the  time  when  the  needle 
no  longer  penetrates  to  the  bottom  is  recorded  as  the  time 
of  set. 

The  sample,  water,  casserole,  and  mold  shall  be  at  a  tem- 
perature of  not  less  than  2o°C..  nor  more  than  25°C.  at  the 
beginning  of  the  experiment. 

The  Vicat  needle  and  the  mold  are  described  in  the  standard 
specifications  for  cement — 1915  Year-book,  A.  S.  T.  M.,  page 
359.  The  mold  is  made  of  hard  rubber,  and  it  will  be  found 
difficult  to  remove  all  traces  of  set  plaster  from  it  without 
scraping,  which  might  cause  injury.  To  overcome  this,  the 
mold  should  be  prepared  for  use  by  dipping  it  in  melted  para- 
tfin.  This  will  prevent  adherence  of  the  plaster  to  a  great  ex- 
tent, and  the  mold  can  be  cleaned  thoroughly  and  easily  by 
heating  it  very  gently. 


RECENT  IMPROVEMENTS  IN  METHODS  OF  TERRA 
COTTA    MOLD   MAKING 

liV    R.    I!.    KKELER 

Since  the  introduction  of  architectural  terra  cotta  in  this 
CO, .nil y.  the  art  of  making  the  plaster  molds  has  followed  along 
ihe  s  .me  general  lines  regardless  of  cost  or  economy  of  plaster. 
The  model  of  the  unit  wanted  is  made  first,  and  over  this  is  cast 
the  mold.  The  model  is  then  discarded  and  is  considered  an 
absolute  waste  after  the  mold  has  been  cast  over  it. 

To  avoid  the  waste  of  labor  and  plaster  in  models,  if  only 
for  the  simplest  forms  of  terra  cotta  units,  means  considerable 
saving,  and  recent  successful  attempts  have  solved  this  problem 
by  producing  molds  without  the  aid  of  the  plaster  models  and 
has  been  patented  by  J.  W.  Pemberton,  May  I'lth.  1916,  as 
"Method  of  Mold  Making." 

The  ashlar  block  is  the  simplest  form  we  have,  and  \et  it 
represents  about  one-half  of  the  product  of  the  terra  cotta 
business.  Jn  the  present  method  of  mold  making  with  the  aid 
of  a  plaster  model,  the  sides  and  ends  are  cast  first,  and  the 
face  is  made  last.  In  the  new  method  the  process  is  reversed, 
the  face  is  made  first,  the  sides  next  and  the  ends  last. 

To  cast  the  face:  Mark  on  the  smooth  table  top  (as  used 
in  the  ])laster  shops  of  factories)  the  size  of  the  ashlar  desired, 
using  a  square  and  pencil,  as  is  now  done  in  casting  ashlar 
models. 

riace  four  angle  bars  "A"  on  these  lines  as  illustrated  by 
big.  1,  and  then  clamji.  The  clamping  device  sliown  in  Figures 
15  and  16  insures  i>erfcclly  square  angles  on  all  four  corners 
of  the  ashlar  face. 

(irease  the  table  toj)  inside  of  the  bar  "A"  and  pour  the 
bo.x  thus  formed,  full  of  plaster.  The  operation  should  take  less 
than  ten  minutes.  As  soon  as  the  plaster  has  set  the  bars  are 
removed,  and  the  cast  is  turned  over.  I'^igure  3  illustrates  the 
iinished  face. 
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It  may  be  seen  from  the  section  of  bar  "A"  as  shown  by 
Figure  2,  that  the  joggle  holes  as  well  as  the  chamfer  are  cast 
directly  with  the  mold  face  in  one  operation,  whereas  in  the  old 
method  these  are  all  cut  by  hand  work.  Another  point  which 
bears  consideration  is  the  uniform  thickness  of  this  face,  thus 
establishing  the  minimum  amount  of  plaster  necessary  for  a 
strong  mold.  By  the  old  process  the  mold  faces  were  often 
made  thicker  than  is  necessary  thus  wasting  considerable  plaster, 
in  fact,  no  two  mold  makers  make  their  molds  the  same  thickness. 

The  mold  sides  are  formed  by  two  adjustable  boxes  (Figure 
7, )  which  rest  at  either  side  of  the  mold  face.  The  mold  side 
casting  boxes  are  simply  set  in  place  (see  Figure  7).  clamped 
and  poured  full  of  plaster.  The  operation  should  take  less  than 
ten  minutes.     See  Figure  8  for  finished  face  and  sides. 

The  mold  side  casting  box  is  composed  of  three  units,  bar 
"B"  (see  Figures  4  and  5)  which  is  grooved  on  one  side  for 
producing  a  mortar  bed  and  smooth  on  the  other  side  producing 
a  smooth  sided  mold,  end  stops  (see  Figure  6)  which  form  the 
offset  and  joggles  at  ends  of  mold  sides,  and  a  pouring  board 
which  acts  as  a  retainer  for  the  plaster  as  it  is  poured  to  form 
the  side. 

For  various  heights  of  ashlar,  the  bars  "B"  may  be  made  in 
any  height  from  4  in.  to  12  in.  etc.,  the  same  may  be  said  of 
the  pouring  board  "D".  The  height  of  the  end  stops  "C"  may 
be  increased  by  small  blocks  set  and  clamped  on  top  of  the 
bottom  unit.  See  Figures  11  and  iia.  These  small  blocks  may 
be  made  in  various  heights  for  6  in.,  8  in.,  10  in.  or  12  in.  ashlars 
as  the  case  may  be.  If  a  finished  mold  side  is  wanted,  the 
smooth  side  of  bar  "B"  is  turned  out  to  be  cast  against.  See 
Figures  9  and  10.  The  end  stops  have  detachable  backs  which 
form  either  smooth  sides,  continuous  mortar  bedded  sides  or 
panelled  mortar  bedded  sides  as  are  used  adjoining  a  finished  end. 

The  mold  ends  are  formed  by  the  bar  "E"  (See  Figures  12, 
13  and  14),  which,  like  bar  "B"  (See  Figure  4),  is  made  to  pro- 
duce either  a  mortar  bed  end  or  a  finished  end  and  is  cut  into 
various  lengths  suitable  for  different  widths  of  ashlar.  These 
sectional  bar  pieces  are  fitted  in  between  the  two  sides  that  are 
alreadv  cast,  and  if  the  given  bar  sections  do  not  fill  the  width 
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between  the  sides,  less  than  one  inch,  the  distance  is  made  up  by 
clay  filled  in  between  and  scraped  clean  to  follow  the  profile  of 
bar  "E"  (See  Figure  8).  To  hold  bar  "E"  in  place  the  clamps 
"F"  are  fastened  behind  it  (See  Figure  8),  and  the  pouring 
board  "D"  set  in  position.  The  mold  ends  are  then  poured,  and 
the  process  is  completed  giving  a  finished  mold.  The  last  opera- 
tion should  not  exceed  ten  mintues. 

The  pouring  board  "D"  may  be  omitted  if  it  is  the  custom 
of  the  factory  to  throw  up  the  plaster  sides  or  ends  by  hand. 
In  some  factories  it  is  considered  more  profitable  to  pour  the 
sides  and  ends,  in  fact,  the  quality  of  the  plaster  used,  prevents 
much  working  by  hand.  In  other  factories  it  is  considered  a 
much  stronger  job  if  the  sides  and  ends  are  thrown  up  by  hand. 

From  the  foregoing  remarks  it  may  be  seen  that  the  entire 
process  consumes  not  more  than  thirty  minutes,  if  the  mold 
maker  keeps  the  bars  and  stops  in  systematic  order  and  quickly 
accessible,  has  his  clamps  in  good  working  order  so  they  may 
lock  into  place  with  one  motion,  and  finally  calculates  his  move- 
ments in  advance  so  that  while  a  newly  poured  face  is  setting, 
he  may  cast  the  sides  or  ends  on  a  previously  cast  face. 

Stop  blocks  and  extra  ends  are  formed  by  moving  bar  "E" 
further  into  the  mold  after  ends  have  been  cast,  and  recasting- 
the  stops  or  ends  as  required.  This  takes  about  one-half  the 
time  to  produce  stops  or  extra  ends  over  the  old  process. 

General  Remarks.  Mold  faces  when  worn  may  be  re- 
newed by  ]jlaning  or  scraping  them  down  until  they  are  again 
smooth  and  level  thus  utilizing  them  over  and  over  again  until 
broken  or  too  thin  to  use.  The  mold  faces  made  by  the  old  pro- 
cess are  good  for  perhaps  one  hundred  pieces  or  until  the  face 
becomes  too  pitted  for  use;  they  are  then  discarded.  With  the 
new  process  the  mold  faces  are  set  aside  in  order  according  to 
their  size,  the  dimensions  being  marked  on  one  edge  and  all 
faces  standing  vertical  to  be  readily  accessible.  As  orders  for 
ashlar  molds  come  in,  the  sizes  nearest  the  ones  desired  are  se- 
lected from  those  in  stock,  leveled  up  and  new  sides  and  ends  are 
cast  to  fit  the  size  desired.  The  sides  and  ends  may  be  cast 
to  any  dimensions  on  the  old  mold  face  as  long  as  the  mold 
face  is  within  an  inch  or  two  of  the  right  size.    It  may  be  readily 
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seen  that  even  a  thousand  pieces  coukl  be  pressed  by  renewing 
an  old  face  ten  times,  showing  considerable  economy  both  in 
labor  and  material  over  tlie  old  process. 

It  may  be  said  in  favor  of  the  new  process  that  an  average 
model  costs  between  sixty  and  seventy-five  cents  for  labor  and 
plaster  besides  the  original  investment  in  casting  bars  which  form 
the  model,  and  this  expense  is  entirely  eliminated  by  the  omission 
of  the  model  from  the  new  process. 

In  some  factories  an  average  mold  maker  produces  three 
ashlar  molds  per  day  by  the  old  process  from  diiferent  sized 
models.  His  wages  amount  to  $2.75  per  day  or  a  cost  of  92 
cents  each  for  labor  plus  60  each  for  models,  total  $1.52  per  mold 
not  including  the  cost  of  plaster  which  is  in  the  mold.  Figuring 
that  this  is  about  as  slow  as  molds  are  usually  made,  which  is  at 
least  half  the  time  of  the  average  mold  maker,  we  may  take  it 
for  granted  that  this  class  of  labor  will  produce  one  mold  per 
hour  or  nine  per  day  with  the  new  process  at  a  cost  of  30^ 
cents  each  per  mold  not  including  the  cost  of  plaster,  no  model 
being  necessary.  This  represents  a  saving  of  80  percent  over 
the  old  method. 

In  factories  where  the  mold  makers  work  rapidly,  producing 
eight  molds  per  day  at  a  $3.00  per  day  wage,  the  cost  by  the  old 
process  amounts  to  37/4  cents  per  mold  for  labor  and  60  cents 
each  for  models  totaling  97^  cents  each,  not  including  the  cost 
of  plaster  in  the  mold.  Considering  labor  at  this  speed  we  assume 
that  fifteen  molds  per  day  can  be  produced  by  one  man,  being 
paid  at  the  rate  of  $3.00  per  day,  by  the  new  process  or  a  cost 
of  20  cents  each,  not  including  the  cost  of  plaster  in  the  mold. 
This  represents  a  saving  of  79  percent.  From  actual  tests  the 
cost  of  stop  blocks  is  cut  in  two.  The  new  system  still  has  the 
advantage  of  the  repeated  use  of  the  worn  mold  faces. 

The  cost  of  an  outfit  for  producing  4  in.  ashlars  would  be 
around  $50,  depending  entirely  on  the  cost  of  material  and  the 
skill  of  the  mechanics  working  upon  it.  The  wood  work  should 
be  preferably  poplar  thoroughly  seasoned  and  soaked  in  hot  lin- 
seed oil  after  being  scraped  and  glued.  The  outfits  are  practically 
indestructible  and  will  last  a  life  time  under  ordinary  usage.  The 
additional  cost  of  stops  and  bars  for  a  6  in.  ashlar  will  amount  to 
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$io  ill  fact,  and  $10  for  caf'n  diiil'eretit  height  of  ashlar  to  be 
niaiic. 

(  )thcr  possiljihties :  W'lierc  but  a  small  nuniher  of  molded 
pieces  with  a  four,  six  or  eight  inch  reveal  are  required,  it  is 
often  possible  to  run  small  moldings  nailing  them  securely  to  the 
face  of  the  ashlar.  This  saves  the  expense  of  making  large  zinc 
templets  and  wooden  horses  (frames  to  hold  templets)  and  above 
all  tin-  cx|)cnst'  of  building  up  clay  forms  on  the  running  table 
and  the  wages  of  two  men  in  running  a  large  templet.  This  is 
adopting  the  method  employed  by  the  artificial  stone  manufac- 
turers i.  c.  making  square  molds  and  nailing  various  moldings 
inside  to  form  architectural  profiles,  the  only  difference  being 
that  the  artificial  stone  manufacturers  use  wood,  and  the  terra 
cotta  manufacturers  use  plaster. 

There  are  a  great  number  of  molds  now  used  in  the  terra 
cotta  industry  which  would  fall  under  this  head ;  on  the  other 
hand  there  are  a  great  number  of  molds  which  must  be  produced 
by  the  old  method,  owing  to  the  character  of  the  ornament,  etc. 
-Men  in  charge  of  the  departments  should  divide  the  work  into 
the  two  classes  giving  the  work  best  suited  to  the  old  method  to 
the  men  most  familiar  with  this  class,  other  work  to  be  given 
to  the  men  most  familiar  with  the  new  class.  If  this  rule  is 
followed  there  will  be  little  or  no  confusion  resulting  from  a 
subdivision  of  the  work.  Where  but  one  model  is  needed  for  a 
large  number  of  molds,  the  old  system  is  e(|ual  to  the  new  as  one 
man  can  jjroduce  as  many  as  fifteen  molds  ])er  dav  under  very 
favorable  conditions. 

The  new  system  is  now  being  applied  to  large  running 
molded  sections.  The  molded  portion  of  the  model  is  run  in 
plaster  in  the  usual  way  on  a  table  top  and  is  measured  for 
length,  stopping  the  profile  at  either  end  with  strips  of  clay  to 
produce  a  chamfer.  The  face  profile  is  then  cast  the  same  as 
any  mold  face.  The  sides  are  cast  against  thin  metal  plates 
which  may  be  adjusted  for  any  height  and  will  produce  either 
mortar  bed  or  smooth  faces.  The  ends  are  built  up  in  clay  as 
is  done  at  the  present  time  with  pilaster  models,  and  the  ends  of 
the  mold  are  cast  against  these. 
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As  the  application  of  the  new  system  to  various  molded 
pieces  is  still  in  the  experimental  stage,  it  would  be  well  to  publish 
in  our  next  Transactions  the  final  conclusions.  As  it  is,  the  pro- 
cess looks  quite  possible  for  most  plain  moldings  no  matter  how 
large  or  how  small. 

The  contour  of  the  table  top  naturally  governs  the  contour 
of  the  mold  face,  which  is  cast  upon  it,  therefore,  in  many  cases 
it  is  possible  to  make  on  a  thin  slab  of  plaster  certain  moldings 
or  marks  which'  may  be  cast  directly  into  the  face  of  the  mold. 
The  bars  "A"  may  be  placed  around  any  object  or  objects  to 
form  the  mold  face.  For  instance,  large  letter  panels  may  be 
produced  by  casting  the  letters  in  plaster  and  over  them  running 
a  profile  just  enough  to  cover  the  letters. 

The  letters  are  then  removed  from  the  running- which  is 
cut  up  into  various  lengths  according  to  desired  jointing  of  the 
letters.  The  longest  running  is  then  selected,  and  an  ashlar  mold 
is  made  over  this  slab.  Then  a  movable  stop  block  is  made  to 
conform  to  the  various  length  of  lettered  pieces. 

The  separate  lettered  pieces  are  then  dropped  one  at  a  time 
in  the  mold  and  pressed  thus  forming  a  perfect  raised-letter 
panel. 

The  countersunk  letter  paneds  are  made  by  nailing  plaster 
letters  on  a  slab  similar  to  the  above  using  the  same  form  of 
mold  throughout.  This  process  of  producing  letter  panels  is 
considerably  simpler  than  the  old  way  and  insures  more  perfect 
letters  also  giving  a  mold  for  each  piece  so  in  case  of  breakage 
another  piece  can  be  pressed  without  loss  of  time.  It  keeps  the 
cutting  of  letters  entirely  out  of  the  miter  cutter's  hands,  sending 
the  molds  directly  to  the  pressing  department  thus  insuring  speed 
as  well  as  less  expensive  labor. 

There  are  so  many  ways  of  employing  the  new  system  that 
perhaps  a  volume  may  be  devoted  to  it.  Let  us  hope  that  those 
interested  in  improving  factory  systems  and'  cutting  costs  will 
take  up  methods  along  these  lines,  comparing  figures  and  con- 
tributing their  views  to  the  Transactions. 


CAUSES   FOR  THE  FAILURE  OF  TERRA  COTTA   IN 
THE  WALL 

BY   R.    I,.    CLARE 

'["he  failure  of  a  piece  of  terra  cotta  in  the  wall  is  taken  to 
mean  that  the  jjiece  becomes  cracked,  chipped  or  broken,  or  that 
the  glaze  or  sli])  coating  shows  crazing,  shivering,  peeling,  or 
other  similar  defects,  after  the  piece  has  been  set  in  the  building. 
In  fact  any  piece  that  has,  or  develops,  any  defect  that  would 
cause  it  to  become  either  unsightly  or  unsafe,  after  it  has  been 
set,  should  be  classed  as  defective. 

It  is  natural  that  the  terra  cotta  manufacturer  is  very  much 
interested  in  the  causes  for  such  failures  in  order  that  he  may 
correct  them  if  they  arise  in  the  plant,  or  that  he  may  place  the 
liability  elsewhere  if  the  failure  is  due  to  conditions  not  under 
his  control. 

The  first  and  most  important  cause  of  failure  is  a  defective 
body  mixture.  Such  a  nii.xture  gives  rise  to  numerous  defects 
in  the  ultimate  burned  piece,  and  these  defects  are  in  most  cases 
developed  or  exaggerated  by  the  weather.  As  a  result  it  has 
been  conmion  practice  to  state  that  the  weather,  meaning  the 
action  of  heat  and  frost,  caused  such  pieces  to  fail,  whereas  this 
action  is  only  the  secondary  cau.se  of  the  failure,  with  the  primary 
cause  originating  within  the  factory  itself.  Such  pieces  un- 
doubtedly are  sent  to  the  building  with  some  ])hysical  defect  or 
strain,  either  unnoticed  or  undeveloped  and  hence  the  failure. 
Our  tests  have  indicated  that  the  average  piece  of  terra  cotta, 
without  defects  and  as  it  is  now  made,  is  of  sufficient  strength 
to  resist  any  action  of  the  weather. 

It  is  not  feasible  to  give  reasons  as  to  why  a  mixture  is  de- 
fective, as  each  mixture  must  be  designed  to  suit  the  local  con- 
ditions in  each  [ilant,  and  a  good  mixture  in  one  plant  ma)'^  be 
a  poor  one  in  anotlier.  It  is  possible  however  to  give  some  of 
the  defects  which  result  in  failures  in  the  wall  from  this  cause, 
as  follows : 
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First  —  Fire  cracks  or  cooling  cracks. 

Second  —  Drying  or  shrinkage  cracks. 

Third  —  Low  absorption  or  too  dense  a  body. 

Fourth  —  High  absorption  or  too  weak  a  body. 

Fifth  —  Excess  of  soluble  salts. 

Sixth  —  Iron  pyrites,  lime  pebbles  or  other  such  impurities. 

Seventh  —  Low  bonding  power. 

A  body  with  a  tendency  to  any  one  or  more  of  the  above 
named  defects  will  develop  those  defects  in  pieces  which  receive 
slight  variations  from  the  normal  treatment,  such  as  being  pugged 
poorly,  dried  too  rapidly,  or  cooled  too  quickly.  The  proper 
body  should  stand  these  ordinary  variations  in  treatment  without 
serious  results. 

Another  cause  for  failure  of  terra  cotta  pieces,  and  one 
that  ranks  next  in  importance,  is  the  defective  glaze  or  slip 
coating.  The  proper  coating,  as  in  the  case  of  the  proper  mix- 
ture, should  stand  the  normal  variations  in  firing  and  cooling 
without  developing  defects  or  strains  which  the  subsequent  action 
of  the  weather  would  bring  out.  Some  of  the  defects  arising 
from  this  cause  are : 

First  —  Crazing. 

Second  —  Shivering. 

Third  —  Peeling. 

Fourth  —  Separation  of  vitreous  coatings. 

Fifth  —  Soft  or  porous  coatings. 

The  occurrence  or  tendency  to  occur  of  any  of  these  defects, 
gives  the  weather  an  opportunity  to  develop  and  aggravate  them 
to  a  point  where  the  piece  becomes  defective  and  is  said  to  have 
failed.  In  this  as  in  the  preceding  case,  the  weather  is  only  the 
secondary  cause  of  the  failure. 

The  next  cause  for  failure,  and  one  to  which  too  little  atten- 
tion is  given  in  the  average  plant,  is  irregular  burning  conditions. 
This  is  taken  to  include  setting,  firing  and  cooling.  No  matter 
how  good  the  body  mixture  and  glaze  or  slip  coating  may  be, 
strains  and  defects  are  continually  being  formed  at  this  period. 
Consequently  the  importance  of  control  over  this  operation  can- 
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not  be  too  Strongly  urged,  as  oftentimes  a  few  hours  difference 
during  certain  periods  in  the  rate  of  firing  or  cooling,  or  a  slight 
change  in  the  manner  of  setting,  will  prevent  pieces  from  de- 
velo[)ing  these  strains  which  may  eventually  show  up  in  the 
building. 

The  fact  that  terra  cotta  must  be  made  in  such  widely 
varying  shapes  and  sizes,  and  that  the  walls  of  the  pieces  are  of 
such  uneven  thicknesses,  makes  this  burning  operation  of  more 
vital  importance  to  the  terra  cotta  manufacturer  than  probably 
to  any  other  manufacturer  of  clay  wares.  Some  of  the  defects 
arising  from  this  operation  are: 

First — Shrinkage  cracks. 

Second  —  Under  burned  or  overburned  material. 

Third  —  Fire  cracks  or  cooling  cracks. 

The  first  two  defects  named  are  easily  discernible  and  hence 
are  not  so  dangerous,  as  they  can  be  readily  separated  from  the 
good  material. 

The  last  of  these  however,  lire  cracks  or  cooling  cracks,  is 
most  important.  These  are  usually  so  fine  as  to  be  unnoticeable 
before  the  material  is  shipped  or,  do  not  develop  until  after 
shipping  when  subjected  to  the  additional  strains  arising  in  the 
building.  These  fine  cracks  constitute  one  of  the  most  insidious 
defects,  with  which  the  terra  cotta  manufacturer  has  to  deal,  and 
should  be  investigated  most  carefully. 

Nearly  every  terra  cotta  plant  has  kilns  of  widely  dift'erent 
sizes  and  capacities.  The  writer  has  knowledge  of  kilns  being 
burnt  from  50  hours  to  150  hours  in  the  same  plant  and  cooled 
over  a  like  range.  It  is  not  probable  that  terra  cotta  burned  or 
cooled  in  50  hours  is  as  free  from  strains  or  visible  defects  as  the 
same  material  burned  or  cooled  in  100  hours.  Experiments  which 
we  have  put  through  have  shown  that  it  is  much  easier  to  produce 
these  fire  cracks  or  cooling  cracks  by  a  slight  change  in  the 
rate  of  firing  and  cooling  than  it  is  by  changing  the  body  com- 
position over  a  very  wide  range. 

The  manner  in  which  the  material  is  set  in  the  kiln  might 
also  be  investigated  as  a  source  of  this  defect.  One  company 
within  tlie  writer's  knowledge  has  eliminated  to  a  large  extent 
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the  setting  of  pieces  on  top  of  others  in  the  kihi  which  certainly 
would  diminish  the  tendency  to  set  up  strains  during  the  firing. 
A  better  control  and  regulation  of  these  burning  conditions 
should  materially  reduce  the  number  of  failures  from  this  source. 

Other  causes  for  the  failure  of  terra  cotta  pieces  may  be 
classed  under  the  general  heading  of  stresses  set  up  in  the 
building  itself,  entirely  separate  and  independent  of  the  quality 
of  the  terra  cotta  furnished.  This  of  course  is  without  the 
province  of  the  ceramic  engineer,  but  it  is  important  to  the 
manufacturer  in  order  that  he  may  show,  in  many  instances, 
that  it  is  faulty  construction  or  faulty  setting  that  has  caused 
the  failure  of  certain  pieces  of  his  material.  Some  of  the  causes 
for  failure  under  this  heading  are : 

First  —  Expansion,  contraction,  or  deflection  of  steel  frame- 
work to  which  the  terra  cotta  is  attached. 

Second  —  Expansion,  contraction,  or  other  movement  of 
reinforced  concrete  buildings  to  which  the  terra  cotta  has  been 
anchored. 

Third  —  Settling  of  foundations  with  the  resultant  strains 
transmitted   to   the   terra   cotta. 

These  three  causes  all  result  in  the  same  class  of  defects, 
namely :  cracked,  chipped  or  broken  pieces. 

Fourth  • —  Imperfect  "backing  up"  or  "filling"  of  the  terra 
cotta  and  imperfect  "pointing  up"  of  the  joints. 

A  piece  of  terra  cotta  with  the  voids  filled  with  a  very  rich 
cement  mixture  is  subjected  to  a  severe  strain  by  the  expansion 
of  this  material. 

If  the  setting  is  faulty,  and  the  joints  are  not  water-tight, 
water  is  permitted  to  get  in  behind  the  pieces  and  to  collect  in 
pockets,  and  the  resultant  expansion  of  this  pocket  of  water  when 
freezing  is  very  liable  to  burst  the  piece. 


THE   CRAWLING  OF   MAT  GLAZES 

BY    CHARLES    F.    BINNS   AND    MARY    E.    SAUNDERS. 

Everyone  who  has  worked  with  the  ordinafy  type  of  mat 
glazes  high  in  ahimina  has  been  confronted  more  or  less  with 
the  phenomenon  known  as  crawling.  The  glaze  cracks  in  the 
process  of  drying,  and  the  separated  parts  will  sometimes  fall 
oft'  entirely  or  will  fail  to  reunite  upon  fusion  but  will  roll  up 
and  leave  bare  patches ;  or  if  the  crack  be  healed  a  line  of  parting 
will  show  and  cause  the  well  known  alligator  skin  surface.  This 
is  sometimes  pleasing  in  appearance,  but  it  is  not  always  under 
control. 

At  the  beginning  of  this  study  it  was  believed  from  an  ob- 
servation of  occasional  phenomena  that  the  crawling  might  be 
due  to  one  or  more  of  the  following  causes : 

1.  The  condition  of  the  biscuit  ware  as  to  fire. 

2.  The  use  or  non-use  of  a  mucilage  binder. 

3.  The  source  of  the  alumina  in  the  glaze. 

4.  The  grinding  of  the  glaze  substance. 

A  schedule  of  experiments  was  therefore  laid  out  to  cover  these 
points.  The  glaze  chosen  was  a  practical  mat  glaze  correspond- 
ing lo  the  following  formula: 

PbO    .60    j 

CaO    .25    I  .35  A  1.0,.    1.30  .SiC. 

K,0    .15    I  ' 

This  was  stained  black  by  adding  to  the  batch  of  glaze  a  mixture 
of  cobalt  oxide  5,  iron  oxide  4,  and  nickel  oxide  3  parts. 

.\  numl)er  of  small  vases  were  cast  from  an  ordinary  white 
body.  Half  of  the  pieces  were  burned  to  cone  02  giving  a  soft 
porous  ware  the  other  half  to  cone  3  giving  a  body  of  good 
density  but  still  slightly  porous. 

.After  allowing  for  the  alumina  provided  by  the  felds])ar, 
ibc  b.ilance,  amounting  to  .20  equivalent  was  introduced   from 

(•>i»7) 
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various  sources,  namely :  i ,  calcined  Florida  clay ;  2,  Tennessee 
ball  clay;  3,  raw  Florida  clay;  4,  .05  raw  Florida  clay.  .15  cal- 
cined Florida  clav.  I'our  batches  of  each  mixture  were  prepared 
and  were  ground  a  half  hour,  one  hour,  one  and  a  half  hours, 
and  two  hours  respectively.  Half  of  each  batch  was  used  plain 
and  the  other  half  with  a  suitable  amount  of  gum-tragacanth 
mucilage.  The  pieces  were  all  soaked  in  water  to  saturation, 
wiped  dry  and  glazed  by  pouring.  The  glaze  burn  was  all  the 
same,  cone  01  in  22  hours. 

A  broad  survey  of  the  results  offers  evidence  that  the  most 
important  general  factor  in  affecting  the  tendency  to  crawl  was 
the  burning  of  the  body.  This  point  appears  to  be  new  for  no 
allusion  to  it  has  iieen  found  in  any  article  dealing  with  the  be- 
havior of  mat  glazes.  On  some  of  the  short-fired  pieces  the 
glaze  fell  oft'  in  large  flakes,  and  the  addition  of  mucilage  did 
not  suffice  to  prevent  this.  The  factor  of  next  importance  was 
the  grinding  of  the  glaze.  Most  of  the  pieces  with  the  half  hour 
grind  behaved  well.  An  additional  grinding  increased  the 
tendency  to  crawl,  caused  the  glaze  to  flow  during  burning  and 
tended  to  produce  blisters.  The  use  of  mucilage  helped  a  good 
deal,  especially  when  all  the  cla\-  content  was  calcined.  The 
most  perfect  specimen  of  glaze  was  that  made  from  calcined 
clay,  ground  one-half  hour,  mixed  with  mucilage  and  put  u]ion 
a  well-fired  body. 

A  few  pieces  have  lieen  selected  to  illustrate  the  points  set 
forth. 

\'ase  Xo.  3.  Hard  body,  calcined  kaolin  in  the  glaze,  ground 
one-half  hour.     Mucilage  used.    Glaze  good  texture,  no  crawling. 

\'ase  Xo.  6.  Soft  body,  calcined  kaolin  in  the  glaze,  ground 
one  hour.  No  mucilage  used.  Glaze  nearly  all  fallen  off.  Re- 
mainder blistered. 

\^ase  No.  8.  The  same  as  6  but  with  mucilage.  The  heavy 
coat  of  glaze  has  run  and  there  is  some  crawling. 

\'ase  No.  15.  The  same  as  Xo.  3  but  the  glaze  ground  two 
hours.     Glaze  good  but  slight  tendency  to  flow. 

Vase  No.  25.  Hard  body,  Tennessee  ball  clay  in  the  glaze, 
ground  one-half  hour.  Xo  mucilage  used.  Glaze  crawled,  run 
and  blistered. 
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\  ase  No.  17.  Hard  body,  Tennessee  ball  clay  in  the  glaze, 
ground  one-half  hour.  No  mucilage  used.  Glaze  slightly  run, 
crawled  at  the  top. 

X'a.se  No.  46.  Soft  body,  IHorida  clay  in  the  glaze.  Ground 
tv\i)  hours.  .\o  mucilage  used.  Glaze  crawled,  run  and  blistered 
badly. 

\  ase  .\o.  41;.  Hard  body.  I'dorida  clay  and  calcined  kaolin 
in  the  glaze.  ( Iround  one-half  hour.  No  nnicilage  used,  (ilaze 
crawled  very  slightly,  inclined  to  run. 

DISCUSSION 

Mr.  Million:  1  should  like  to  ask  Prof.  Binns  if  the  disk 
pieces  were  saud|)apere(I  on  the  surface  before  the  glaze  was 
applied? 

Mr.  Binns:     .\'o  sir. 

Mr.  Minton:  1  know  that  that  is  a  frequent  cause  of  the 
crawling  f)f  glazes:  there  seems  to  be  a  surface  factor  which 
enters  in  there,  and  if  the  ware  is  sandpapered  it  will  frecpiently 
overcome  that  defect. 

Mr.  Riddle:  I  would  like  to  ask  Mr.  Binns  what  he  thinks 
the  different  efifects  would  be  when  spraying  or  dipping  on  a 
dry  ]iiece  as  compared  to  pouring  the  glaze  on  a  saturated  piece 
of  ware? 

Mr.  Binn.s-:  I  have  no  actual  experimental  knowledge  of 
that  suggestion,  it  is  our  common  i^ractice  to  spray  when  we 
are  making  work  that  we  wish  to  h.ave  as  complete  as  possible, 
in  order  to  pile  up  the  glaze,  but  I  have  never  noticed  any  direct 
connection  between  spraying  and  crawling  or  not  crawling. 

l/r.  I'litscli:  With  reference  to  the  crawling  of  glaze  on 
midertired  biscuit,  last  fall  I  was  called  in  consultation  on  just 
such  a  problem. 

The  heat  to  which  the  biscuit  kilns  were  originally  fired  in 
an  art  pottery  was  lowered  to  see  if  an  economy  in  fuel  and 
time  could  be  effected. 

The  ware  seemed  to  take  the  glaze  all  right  whetlier  sprayed. 
dipi)ed  or  painted,  except  where  it  was  applied  too  thicklv  when 
it  would  crack  and  fall  off  in  the  imfired  state.  A  immber  of 
]  ieces.  however,  which  took  the  glaze  properlv  showed  crawling 
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on  the  fired  ware.  We  were  led  to  the  conclusion  that  the  softer 
fired  biscuit  absorbed  more  glaze  than  did  the  higher  fired  biscuit 
previously  in  use ;  and  that  with  the  thicker  layer  of  glaze,  sepa- 
rations, which  were  not  noticeable  in  the  green  state,  developed 
thus  causing  the  defect. 

The  only  thing  which  was  done  to  remedy  this  defect  was  to 
hre  the  biscuit  kiln  to  a  higher  temperature. 

Mr.  Townsend:  We  find  in  mat  glazes  that  the  greens  crawl 
more  than  the  browns  and  blues;  how  would  you  explain  this? 

Mr.  Biiuis:    I  cannot  explain  it. 

Mr.  Tozimscnd :    Did  you  use  copper  in  that  glaze? 

Mr.  Biiins:    There  is  no  copper  in  this  glaze. 

Mr.  Burt:  I  have  forgotten  whether  it  is  Seger,  but  some- 
body long  ago  said  that  in  the  application  of  the  glaze,  the 
process,  whether  correct  or  not,  can  be  determined  nicely ;  that  is, 
as  you  apply  your  glaze,  it  must  be  momentarily  wet  and  then 
gradually  dry.  If  you  put  your  glaze  on  and  the  glaze  instantly 
becomes  dry,  as  it  would,  for  instance,  if  you  apply  it  to  a  piece 
of  plaster,  you  are  going  to  have  trouble.  If,  on  the  other  hand, 
you  take  a  vitrified  piece  of  clay,  apply  your  glaze  to  it,  and 
that  glaze  stays  wet  a  length  of  time,  you  will  have  an  equivalent 
trouble.  So,  when  you  are  working  on  a  varying  biscuit,  I  think 
the  iiroblem  resolves  itself  into  an  adjustment  of  your  glaze 
through  various  mediums,  as  the  addition  of  gums,  to  insure  a 
proper  drying  process.  You  can  easily  see  if  the  body  is  going  to 
momentarily  appear  wet  and  then  gradually  dry  out.  In  other 
words,  you  don't  want  a  body  too  porous,  you  don't  want  a  body 
absolutely  vitrified. 

Mr.  Binns:  I  will  call  Mr.  Burt's  attention  to  the  fact  that 
all  the  pieces  were  soaked  to  saturation  first ;  there  was  no 
.absorption  at  all  when  the  glaze  was  applied. 

Mr.  Parmelee:  As  you  alter  the  composition  of  the  glaze, 
to  change  those  factors  you  must  necessarily  change  the  condi- 
tions. In  the  Bristol  type  of  a  glaze,  of  course  there  is  the 
factor  of  a  breaking  glaze  surface ;  the  glaze  is  quite  viscous 
and  will  not  heal  the  break.  With  a  mat  glaze,  the  viscosity  of 
the  glaze  undoubtedly  afifects  or  retards  or  prevents  the  healing 
of  that  surface.  The  influence  of  the  oxides  and  the  influence 
on  viscosity  is,  I  think,  the  explanation. 
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Considerable  activity  has  prevailed  during  the  last  two  years 
in  searching  for  domestic  refractory  clays  possessing  sufficient 
plasticity,  bonding  power,  and  strength  to  be  used  in  the  manu- 
facture of  glass  refractories,  graphite  crucibles,  and  similar 
products.  The  properties  of  the  European  clays  formerly  im- 
ported for  this  purpose  have  been  described  in  a  previous  pub- 
lication.- The  clay  products  section  of  the  Bureau  of  Standards, 
during  the  last  two  years,  has  come  into  possession  of  a  number 
of  samples  of  American  plastic  bond  clays.  It  was  thought  ad- 
visable to  publish  the  results  of  tests  made  upon  clays  of  this 
type.  The  tests  made  consisted  in  the  detennination  of  the 
water  of  plasticity,  the  drying  shrinkage  (by  volume),  the  ap- 
parent specific  gravity  in  the  dried  state,  the  rate  of  slaking,  the 
modulus  of  rupture  of  dried  bars  made  from  each  clay  with  and 
without  admixture  of  sand,  the  porosity  and  volume  changes  at 
different  firing  temperatures,  and  the  softening  points  compared 
with  those  of  the  standard  pyrometric  cones.  From  the  water 
content  and  the  drying  shrinkage,  the  ratio  of  pore  water  to 
shrinkage  water  was  computed  as  well  as  the  percentage  of 
shrinkage  water  in  terms  of  the  true  clav  volume  and  the  total 
water  content. 

METHODS   OF  TESTING 

Water  of  Plasticity.  —  The  entire  sample  was  first  ground 
and  screened  through  the  12-niesli  sieve,  thoroughly  mi.xed,  and 
a  sufficiently  large  portion  removed  for  all  the  tests.  The  clay 
was  made  up  with  water  and  thoroughly  wedged  till  it  had  as- 
sumed what  was  considered  the  best  plastic  condition.  It  was 
then  made  up  into  briquettes  2  in.  by  ij4  '"•  by  i  in.  and  into 
bars  I  in.  by  i  in.  by  7  in.    The  w-eight  of  several  briquettes  was 

*  By   permission   of  the   Director,   Bureau   of   Standards. 
'Bureau  of  Standards.   Technologic  Palmer    l\^o.  79. 
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determined  in  ilie  wet  state  and  after  complete  dr_ving  1iy  heating 
to  iio^C.  The  water  of  plasticity  was  taken  to  be  the  weight 
lost  in  drying,  coni])uted  in  percent  of  the  dry  weight. 

Drying  Shrinkage.  —  In  carrying  out  this  determination 
the  volume  of  the  briquettes  was  found  by  immersing  them  in 
petroleum  immediately  after  molding  and  after  standing  for  some 
hours  determining  their  volume  in  a  volumenometer  of  the  Seger 
type,  provided  with  a  burette,  reading  to  0.05  cc.  After  re- 
moving the  specimens,  they  were  allowed  to  dry  first  at 
atmospheric  temperature  and  then  heated  to  1 10°  C.  The  dry 
specimens  were  weighed  at  once,  again  immersed  in  petroleum 
usually  for  12  hours  or  longer,  whereupon  the  volumes  were 
determined  as  before.  From  the  differences  in  the  volumes  of 
the  briquettes  in  the  wet  and  in  the  dry  state,  the  shrinkage  was 
computed  in  terms  of  the  dry  volume.  From  the  weights  of 
the  dr}-  specimens  and  their  volumes,  the  apparent  specific 
gra\ity  was  readily  computed  l)y  dividing  the  volume,  expressed 
in  cubic  centimeters,  into  the   weight,  in  grams. 

Froiu  tlie  wet  and  dry  weights  and  the  wet  and  dry  volumes 
of  the  briquettes  and  the  true  specific  gravity  of  the  clay,  it  was 
possible  to  calculate  the  volume  of  the  shrinkage  and  the  pore 
water  in  terms  of  the  true  clay  volume.  These  computations 
were  based  on.  the  following  obvious  relations  : 

ioosiU\  —  /r„)  ^a=  volume  of  total  water  in  terms  of  the 

true  clay  volume,  expressed  in  per- 

ll\  cent, 

and 

ioos( T\  —  v„)  ^  b  =  volume  of  shrinkage  water,  in  terms  of  the 

true  clay  substance,  expressed  in  per- 

JFj  cent. 

In  these  formulae 

s  =  specific  gravity  of  clay,  approaching  the  value  2.60  quite 

closely  for  all  clays  of  this  type. 
7£'i  =  weight  of  briquette  in  the  wet  state. 
«'2  =  weight  of  dry  briquette. 
z\  =  volume  of  briquette  in  wet  state. 
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7'^  ^=  volume   of  bri()uette   in  the  dry  state. 
The    vahie    (« — /' )    represents,   similarly,   the   volume   of    pore 

water  and  the  ratio the  relation  of  pore  to  shrinkage  water. 

b 

I'y  dividing  h  !)y  a  and  multiplying  by  loo  the  percentage  of 
shrinkage  water  in  terms  of  the  volume  of  total  water  may  be 
computed. 

Rate  of  Slaking,  —  'I  his  \\a>  detc-rmined  by  making  mix- 
tures of  the  clays  with  potters'  flint  in  the  proportion  of  i  :i  and 
molding  %  in.  cubes  which  were  dried  at  atmospheric  tempera- 
ture and  finally  at  iio°C.  Upon  immersing  the  cubes  in  water 
at  room  temperature,  suspending  them  in  coarse  mesh  sieve 
baskets  the  time  of  slaking  down  was  observed.  The  more 
plastic  the  clay,  the  longer  was  it  found  to  resist  this  action. 

Modulus  of  Rupture. —  The  clays  in  the  form  of  bars 
7  in.  by  [  in.  b\-  i  in.  were  drietl.  then  heated  to  iiO°C  and  upon 
cooling  were  broken  transversely.  From  the  dimensions  of  the 
pieces  and  the  load  required  to  fracture  them,  the  modulus  of 
rupture  was  computed  according  to  the  usual  formula.  .Accord- 
ing to  the  quantity  of  clay  available  from  lo  to  15  such  bars  were 
made  and  tested.  .Xnother  series  of  such  test  specimens  was 
prepared  from  the  mixture  of  clay  and  sand  in  the  proportion 
of   I  :i.     The  sand  corresponded  to  the  following  sie\e  analysis: 

Residue  on  40  mesh  sieve 53.4  percent. 

Residue  on  60  mesh  sieve 35.8  percent. 

Residue  on  80  mesh  sieve 6.9  percent. 

Through  80  me.sh  sieve 3.9  percent. 

All  of  the  sand  passed  the  30  mesh  sieve. 
The  results  given  are  the  averages  of  at  least  10  tests  in  each  case. 

Burning  Behavior  of  the  Clays.  —  The  briquettes  after 
thorough  drying  were  placed  in  a  test  kiln  hred  with  natural 
gas  and  burned  at  a  rate  corresponding  to  a  temperature  in- 
crease of  20°  C.  per  hour  above  800"^  C".  .\t  temperatures  be- 
ginning with  I050°C.  briquettes  were  drawn  and  cooled  slowly 
liy  l)eing  put  in  a  jiot  furnace  brought  to  rc<l  heat,  or  by  being 
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covered  with  hot  sand.  When  cooled,  these  specimens  were 
weighed,  immersed  in  water,  boiled  in  a  partial  vacuum  for  five 
hours  and  again  weighed  suspended  in  water,  and  weighed  in 
air  when  fully  saturated  with  water.  From  these  data  the 
porosity  was  calculated  from  the  well  known  relation : 

100  (w  —  d) 

where 

zi'  =  wet  weight,  in  air.  of  briquette. 

d  =  dry  weight. 

J  =  suspended  weight. 

The  volumes  of  the  briquettes  were  determined  by  means  of  the 
volumenometer,  using  kerosene  as  the  displacing  liquid.  The 
volume  shrinkage  or  expansion  was  invariably  expressed  in  terms 
of  the  original  volume  in  the  dried  state. 

Both  the  porosity-temperature  and  the  volume-temper- 
ature relations  are  extremely  significant  in  expressing  the  burn- 
ing behavior  of  the  clays.  They  show  at  what  temperature  the 
state  of  greatest  density  (vitrification)  is  reached,  and  they  also 
indicate  at  what  point  everburning  occurs  due  to  the  formation  of 
a  vesicular  structure.  The  volume  relations  are  particularly  use- 
ful in  pointing  out  any  expansion  which  may  occur  due  to  the 
above  cause  or  to  the  effect  of  the  free  quartz  which  may  be 
present.  In  general,  it  may  be  said  that  the  longer  the  tempera- 
ture interval  between  the  point  of  greatest  density,  (lowest 
porosity)  and  the  temperature  of  overburning — and  likewise  the 
higher  the  temperature  at  which  overfiring  occurs — the  more 
useful  should  be  the  clay  as  a  refractory  material. 

Clays,  which  reach  the  state  of  maximum  density  only  very 
gradually,  owing  to  their  high  content  of  silica  and  which  never 
become  really  vitrified,  are  also  a  very  useful  type,  provided  they 
fulfill  the  other  requirements  of  plastic  bond  clays.  Such  ma- 
terials are  particularly  valuable  for  use  in  glass  refractories. 
For  crucibles,  gas-tight  muffles,  etc.,  the  clays  burning  dense  at  a 
comparatively  low  temperature,  but  showing  no  evidence  of  over- 
firing  up  to  quite  a  high  temperature,  should  be  most  suitable. 
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Softening  Point.  —  In  making  this  determination,  the  clays 
were  made  up  into  cones  and  placed  together  with  Orton 
pyrometric  cones  in  a  jiot  furnace  heated  by  means  of  natural 
gas  and  compressed  air.  The  softening  point  was  determined 
by  comparing  the  deformation  point  of  the  clay  cones  with  that 
of  the  standard  cones  and  was  reported  in  terms  of  the  latter. 

RESULTS 

The  numerical  results  obtained  in  these  tests  are  compiled 
in  Tables  I,  II  and  III.  In  analyzing  the  data  thus  presented, 
it  might  be  advisable  to  consider  briefly  the  types  of  clay  with 
which  we  are  dealing  here  and  to  establish  some  arbitrary  rules 
which  might  aid  in  classifying  the  materials.  It  should  be 
realized  that  such  a  classification  is  necessarily  of  a  tentative 
character.  The  clays  must  be  considered  from  two  standpoints : 
viz.,  their  behavior  in  the  raw  state  and  in  burning.  From  the 
first  point  of  view  two  criteria  might  be  employed,  the  transverse 
strength  of  the  i  :i  clay-sand  mixtures  and  the  ratio  of  pore  to 
shrinkage  water,  .\rbitrarily  we  might  perhaps  say  that  clays 
showing  a  modulus  of  rupture  of  325  pounds  per  sq.  in.  or  more 
belong  to  class  "A"  and  those  between  225  and  325  pounds  to 
class  "B."  The  ratio  of  pore  to  shrinkage  water  should  in  no 
case  exceed  i.oo  for  clays  of  the  "A"  type.  Further  diflfcrenta- 
tion  does  not  seem  possible  at  the  present  time.  For  strong, 
heavy  plastic  clays,  low  in  free  silica,  the  ratio  undoubtedly 
should  not  exceed  0.75  but  silicons  bond  clays  such  as  the  Cross 
Almerode,  cannot  comply  with  this  specification.  It  might  be 
added  that  a  certain  degree  of  tolerance,  say  five  percent  of 
the  values  involved  should  be  allowed  in  differentiating  clays 
as  regards  their  mechanical  strength  and  the  porosity-shrinkage 
ratio. 

W  ith  reference  to  the  burning  behavior,  the  overfiring  tem- 
perature and  the  softening  point  are  the  principal  criteria.  For 
very  severe  service,  clays  of  this  type  should  not  become  de- 
cisively vesicular  at  a  temperature  below  I425°C.  and  should  not 
show  a  softening  point  below  that  of  cone  31.  It  is  realized 
that  this  si)ecification  is  not  fair  to  certain  plastic  clays  which 
are    valuable    for    use    in    connection    with    gra])hite    crucibles. 
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especially  for  brass  melting.  It  seems,  however,  that  even  for 
this  purpose  the  overfiring  temperature  should  not  be  much  be- 
low 1400°  and  the  softening  temperature  not  below  that  of  cone 
30.  Materials  below  either  of  these  requirements  should  not  be 
considered  as  being  high-grade  bond  clays.  Attention  might  be 
called  to  the  fact  that  more  weight  should  be  placed  on  the  over- 
firing  temperature  than  upon  the  softening  point.  Other  condi- 
tions being  satisfactory,  failure  of  a  clay  to  comply  with  this 
requirement  within  one  cone  should  not  result  in  its  rejection.  It 
is  also  necessary  to  note  carefully  the  degree  or  the  rate  of  over- 
firing.  It  is  evident  that  small  or  gradual  changes  are  not 
necessarily  of  importance  with  reference  to  the  deterioration  of 
the  material. 

Concerning  the  general  burning  behavior  of  the  clays, 
several  classes  are  to  be  distinguished  in  regard  to  the  tempera- 
ture at  which  they  become  dense  and  that  at  which  overfiring 
takes  place.  In  this  connection  it  should  be  said  that  all  clays 
becoming  dense  at  temperatures  below  1400° C.  should  possess 
a  decided  range  of  practically  constant  porosity.  This  is  especially 
necessary  where  the  drop  in  porosity  or  its  equivalent,  the  rate 
of  shrinkage,  is  quite  rapid.  Clays,  which  upon  reaching  the 
state  of  maximum  density,  immediately  overfire,  should  be  ruled 
out  at  once,  excepting  in  those  cases  where  the  overfiring  begins 
at  I425°C.  or  higher.  Since  these  temperatures  are  already 
quite  high,  any  everburning  at  this  point  is  not  of  serious 
significance.  This  is  especially  true,  owing  to  the  fact  that  in 
all  these  bodies  a  certain  degree  of  solution  of  the  refractory 
grog  occurs  which  will  raise  the  overfiring  limit.  At  the  same 
time  the  grog  content  in  itself  operates  against  the  formation  of 
a  vesicular  structure.  However,  we  are  here  concerned  with 
a  comparison  of  the  clays:  A  material  overfiring  at  a  high 
temperature  is  certainly  to  be  preferred  to  one  reaching  this 
stage  at  a  lower  temperature. 

Thus,  three  classes  of  useful  clays  are  to  be  distinguished, 
First,  clays  burning  dense  at  about  ii50°C.  and  showing  no  evi- 
dence of  overfiring  at  I400°C.  This  class,  provided  it  possesses 
the  other  requisite  physical  properties,  is  particularly  suited  for 
the   manufacture    of   graphite   crucibles   used    in    brass   melting. 
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Second,  clays  l)urning  dense  around  i2j^"C  and  not  overfiring 
at  1400° C.  or  higher.  When  these  clays  do  not  overhre  before 
1425°  they  also  become  valuable  for  glass  refractories.  These 
clays  are  adapted  for  crucibles  used  in  steel  melting.  Third, 
clays  which  possess  good  strength,  but  do  not  vitrify  at  the 
lower  temperatures,  becoming  dense  only  at  1425 °C.  or  higher. 
These  clays,  overfiring  at  about  1450°  or  higher,  are  particularly 
useful  for  the  purposes  of  the  glass  industries.  The  unsuitable 
clays  are  those  which  become  dense  anywhere  between  1150° 
and  1300.  but  possess  either  no  range  between  the  temperature 
of  overfiring  or  only  a  short  one. 

DISCUSSION  OF  THE  INDIVIDUAL  CLAYS 
No.  I,  luiglish  Hall  Clay.  —  This  clay  possesses  strength 
to  be  classed  as  a  bond  clay,  its  modulus  being  376  pounds  per 
sq.  in.  It  vitrifies  at  1150°  and  overfires  distinctly  at  1320°  but 
not  scrionsl\ .  Jts  porosity  and  volume  changes  with  temperature 
are  shown  in  l""ig.  i.  From  the  contraction  curve,  it  appears, 
shown  by  the  downward  trend  of  the  curve,  that  swelling  begins 
at  about  1300°.  The  material,  therefore,  is  not  promising  for 
steel  melting  crucibles  and  for  glass  refractories,  though  it  might 
be  satisfactory  for  brass  melting  crucibles. 

No.  2,  Klingenberg,  A.  T.  • — The  bonding  i)ower  of  this 
clay  is  not  of  an  extraordinary  quality,  and  in  fact  is  inferior 
to  that  of  some  American  clays.  In  addition,  its  tendency  to 
crack  badly  in  drying  is  an  undesirable  feature.  It  has,  of  course, 
ample  mechanical  strength  for  the  purpose  it  is  used  for,  the 
making  of  graphite  crucibles.  From  Fig.  2,  it  will  be  seen  that 
it  vitrifies  at  1  125°  and  remains  remarkably  constant  in  structure 
up  to  1423".  .\t  this  point  overfiring  begins  as  is  shown  particu- 
larly bv  the  volume  curve  which  indicates  decided  bloating,  so 
that  at  1450"  the  clay  has  about  the  same  volume  it  had  at  1050° 
before  vitrification  took  place.  At  1450°  it  is,  therefore,  decidedly 
overfired.  However,  its  excellent  burning  behavior  is  apparent 
from  the  long  temperature  range.  It  would  not  be  a  satisfactory 
glass  refractory.  One  disadvantage  of  this  material  is  its  extreme 
sensitiveness  to  sudden  heating  and  cooling,  as  it  shatters  very 


608 


PROPERTIES   OF    SOME    AMERICAN'    BOND   CLAYS 


ra^sj,^ 

C^Sx  t'ac^a- 

/ve./ 

Si^jr^/AtiS^^  <§lo 

^^^ 

saoi, 

SA/Gi. 

/SH  B^ 

i.  c/^y 

,^ 

»^"^^ 

r—"***-^ 

~\ 

/ 

\ 

\ 

/^^a^ 

//S0  /^"OO 


T^M^=i^/M7T/J^£- //V  £>£&^<E^£^S  C£/^r/G^S4£>£- 


M'l/A 

a^/fse/f 

'j.JT 

.s* 

'//r^t^^ 

^v» 

\ 

/ 

\ 

A 

\ 

\_ 

— ~ 

/^^ 

p:^^— 

_^ 

^ 

W»             M 

o         m 

b M 

OO            /2L 

fi-         4X 

5^ — Ti 

bw" 

<x>          /•* 

ti? 

—IS 

b- 

— ^/ 

rsMfPf^jiri/j?£  /v  oe<5^S£3  c^yrra^^^^f 


rNiii'i'Ki  ih;s  (Ji'   s:)Mi-;  ami-:uic.\\   ivjnd  clavs  609 

readily  under  siicli  conditions.  Its  softening  temperature  is 
satisfactory. 

Xo.  3,  New  Jersey  Clay.  —  This  clay  is  of  a  siliceous  nature 
and  while  it  possesses  excellent  strength  in  the  unmixed  state,  it  is 
somewhat  deficient  in  bonding  jjower,  indicated  by  its  low  modu- 
lus when  admixed  with  sand,  255  pounds  per  sq.  in.  In  burn- 
ing it  reaches  the  vitrified  state  of  1200°  and  show  evidence 
of  overfiring  at  1230°  C.  It  swells  decidedly  at  this  temperature. 
These  results  together  with  its  low  softening  point  should  exclude 
it  from  use  as  a  high  grade  bond  clay. 

No.  4,  Clay  from  a  St.  Louis  F"irm.  —  This  material  is  an 
excellent  one  from  the  standpoint  of  plasticity,  bonding  power, 
and  strength.  It  shows  a  modulus  of  399  pounds  per  sq.  in. 
It  becomes  dense  at  1290°,  but  overfires  at  1320°,  and  at  1350° 
it  has  developed  a  decided  vesicular  structure  indicated  both  by 
the  volume  and  porosity  changes,  as  shown  in  Fig.  3.  Its  soft- 
ening point  is  that  of  cone  27.  The  material  must,  therefore,  he 
rejected  as  a  high  grade  bond  clay. 

No.  5,  Kliugenberg.  1'".,  T. —  This  clay  is  of  a  sticky  nature 
and  possesses  good  plasticity  and  bonding  power,  its  modulus 
l)eing  363  pounds  per  sq.  in.  It  has  a  strong  tendency  to  check 
and  crack  in  drying.  In  burning  it  becomes  dense  at  1100°,  and 
it  shows  an  extraordinary  temi^erature  range  up  to  1400°.  It 
l)egins  to  liloat  at  this  temperature  although  its  porosity  is  not 
decidedly  increased  even  at  1450°  As  is  seen  from  Fig.  4.  the 
volume  change  is  especially  useful  in  indicating  the  structural 
changes  taking  place.  It  is  interesting  also  to  observe  the  high 
resistance  of  the  dried  cLiy  to  the  disintegrating  action  of  water. 

No.  6,  Clay  from  a  .^t.  Louis  I'irm.  —  This  clay  is  a  satis- 
factory one  from  the  standjioint  of  its  physical  properties  in  the 
raw  state.  It  shows  a  modulus  of  rupture  of  351  pounds  per  sq. 
in.  It  becomes  quite  dense  at  1200^  and  starts  to  overfire  at 
about  1430°,  this  condition  being  distinctly  shown  at  1450°. 
It  shows  thus,  an  excellent  temperature  range.  Its  propensity 
to  bloat  at  this  temperature  is  quite  evident.  Its  refractoriness 
is  satisfactory,  the  softening  point  being  equivalent  to  that  of 
cone  32.     The  clay  seems  ver\-  promising  as  a  crucible  material. 
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No.  7,  Kentucky.  —  This  material  is  \ery  plastic,  but  is 
lacking  in  bonding  power,  as  indicated  by  the  low  modulus.  234 
pounds  per  sq.  in.  This  might  be  inferred  also  from  the  high 
ratio  of  pore  to  shrinkage  water,  which  is  1.05.  The  specific 
gravity,   1.55  is  below  the  average  of  such  days.     The  clay  vitri- 
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fies  to  a  dense  structure  at  about  1260°,  remains  quite  constant 
up  to  1425°  when  it  begins  to  overfire.  At  1450°  it  shows  dis- 
tinct evidence  of  this  change.  (See  Fig.  5).  Its  refractoriness, 
corresponding  to  that  of  cone  32  is  satisfactory.  This  clay 
could  be  used  in  conjunction  with  a  stronger  clay  as  a  bonding 
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niaU'rial  tor  frucililes  hiil  would  liardly  he  suitable  for  this 
])ur|)ose  alone,  ll  might  he  used  also  for  glass  refractories 
with  other  clays  of  somewhat  different  properties.  The  high 
porosity  of  the  clay  at  1050°,  t,~  percent,  is  indicative  of  its  open 
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structure  in   the  dried  state  and  cx])lains  the  ready   disintegra- 
tion of  the  raw  clay  in  water. 

No.  8,  Southern  Ohio.  —  This  clay,  though  quite  plastic, 
is  somewhat  deficient  in  bonding  power.  Its  modulus  with  sand 
is  jSi   pounds,  hut  its  strength  without  admixture  is  quite  con- 
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siderable,  479  [jounds.  Its  specific  gravity  in  the  dried  state  is 
above  the  average  and  indicates  a  dense  structure  which  is 
verified  by  its  low  porosity,  22.83  percent  at  1050°.  The  clay 
burns  to  dense  vitrification  at  1350°  and  begins  to  overfire  soon 
after  this  temperature  has  been  reached.  .At  1400°  it  is  dis- 
tinctly vesicular,  see  Fig.  6.  It  softens  at  cone  31.  The  ma- 
terial is  not  of  the  highest  type,  though  it  could  be  used  in  a 
mixture  with  other  clays. 

No.  9,  Kew  Jersey.  —  The  low  strength  of  this  clay  in  the 
dry  state  would  rule  it  out  from  being  used  as  a  bond  clay  by 
itself.  It  has,  however,  good  burning  qualities  which  woukl 
render  it  suitable  for  admixture  with  one  or  more  strong  clays 
of  the  dense  burning  variety.  The  clay  is  of  a  siliceous  nature 
and  possesses  at  1050°  a  porosity  of  40.80  percent.  Its  rate  of 
vitrification  is  gradual  and  it  becomes  dense  at  1350°.  Over- 
firing  starts  at  about  1425°.  Expansion  becomes  quite  evident 
at  this  temperature,  see  Fig.  7.  The  softening  temperature  is 
that  of  cone  32. 

No.  10,  English  Ball  Clay.  —  This  clay,  with  its  satisfac- 
tory proportion  of  shrinkage  water  to  true  clay  volume  60.8 
percent,  its  pore-shrinkage  water  ratio  of  0.75  and  modulus  of 
389  pounds  per  sq.  in.,  possesses  all  the  good  qualities  of  a 
bond  clay.  This  material  burns  quite  dense  at  1125°  and  shows 
no  evidence  of  overfiring  up  to  about  1415°  Overfiring  is  not 
serious  up  to  1450°,  see  Fig.  8.  Its  softening  point  is  that  of 
cone  32.  This  clay  should  be  a  useful  one  for  the  crucible  in- 
dustry and  would  be  a  desirable  constituent  of  a  glass  pot  batch, 
especially  for  melting  corrosive  glasses  where  a  dense  pot 
structure  is  required. 

No.  II.  Southern  Ohio.  —  This  clay  is  somewhat  similar  to 
sample  No.  8. 

No.  12,  New  Jersey.  —  This  clay  is  of  a  siliceous  character 
and  is  lacking  in  bonding  power  to  such  an  extent  that  it  would 
be  ruled  out  from  this  class.  Its  firing  behavior  is  that  of  a 
siliceous  clay,  low  in  fluxes.  It  becomes  very  dense  at  1475° 
and  begins  to  overfire  beyond  this  point,  see  Fig.  9.  Its  soften- 
ing point  is  that  of  cone  32. 
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Xi).  1,^,  'rcniieesee.  —  This  clay,  though  of  excellent  plas- 
licit}-.  is  lacking  in  bonding  power  as  indicated  by  its  modulus 
of  200  pounds.  At  1050°  it  has  a  porosity  of  33.5  percent  and 
vitrifies  gradually,  reaching  maximum  density  of  structure  at 
about  1260°  Practically  constant  porosity  is  maintained  up  to 
about  1425°  when  overfiring  Ix-gins,  see  Fig.  10.  At  this  point 
expansion  of  the  cl;i\  volume  is  (|uite  evident.  The  softening 
temperature  of  the  material  is  that  of  cone  32.  In  spite  of  the 
low  bonding  ]i(i\\er  of  the  clay,  it  would  be  useful  when  ad- 
niiNcil   with    slrunger   clays   owing  to   its  satisfactory   firing  be- 
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havior.     It  woidd  probalih   be  lietter  suited  for  steel  rather  than 
brass  melting  crucibles. 

Xo.  14,  Clay  from  a  St.  I.ouis  I'irm.  —  This  clay  shows 
remarkable  strength  and  bonding  power,  its  ratio  of  pore  to 
shrinkage  water  being  0.54  and  its  modulus  of  nipture  554,  the 
highest  of  all  clays  tested.  At  the  same  time  it  offers  no  dif- 
ficult) in  drying,  a  point  in  which  it  is  decidedly  superior  to  the 
Klingenberg  clay.  Tt  vitrifies  completely  at  1200°,  though  it  is 
quite  dense  at  1175°.  The  material,  however,  overfires  at  1320° 
and  has  a  softening  temperature  of  cone  i-j.  The  clay,  there- 
fore, is  not  suited  for  steel  melting  crucibles  or  for  glass  re- 
fractories, though   it   should   be  useful   for  brass   melting  work. 
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By  admixture  with  one  or  two  more  refractory  clays  it  should 
be  possible  to  improve  its  firing  qualities. 

Xo.  15,  Southern  Illinois.  —  This  clay  possesses  excellent 
plasticity  and  good  bonding  power.  Its  pore-shrinkage  water 
ratio  is  0.65  and  its  modulus  341  pounds.  The  porosity  at  1050° 
is  34.5  percent,  and  the  clay  becomes  dense  though  not  com- 
pletely vitrified  at  about  1230°.  Overfiring  does  not  begin  un- 
til a  temperature  of  1450°  has  been  reached.  The  temperature 
range  of  this  clay  is  therefore,  a  very  long  one.  Overfiring 
does  not  take  place  quickly  but  evidently  is  a  gradual  process, 
see  Fig.  11.  The  softening  point  is  that  of  cone  32.  The  clay 
is  unquestionably  one  of  the  best  bond  clays  examined,  suit- 
able for  both  crucible  work  and  glass  refractories. 

No.  16,  Clay  from  a  St.  Louis  Firm.  —  This  clay  possesses 
good  plasticity  and  bonding  power,  since  its  modulus  is  351 
pounds.  In  burning,  however,  it  overfires  at  1320°  and  for  this 
reason  cannot  be  considered  of  particular  promise. 

No.  17,  Kentucky  Ball  Clay.  —  This  clay  possesses  excel- 
lent working  qualities  and  good  strength.  Its  shrinkage  water 
content  is  very  high,  being  77.4  percent  in  terms  of  the  true  clay 
volume,  its  porosity-shrinkage  w^ater  ratio  is  0.71  and  its  modu- 
lus 362.  Its  porosity  at  1050°  is  37.8  percent,  and  it  burns  to 
complete  vitrification  at  about  1290°.  It  begins  to  overfire  at 
1400°,  but  this  change  is  a  gradual  one.  Its  softening  tempera- 
ture is  that  of  cone  32.  The  clay,  therefore,  is  an  excellent 
bond  clay,  especially  suitable  for  steel  melting  crucibles  and 
also  for  glass  refractories.  Its  firing  behavior  is  illustrated 
graphically  in   Fig.    12. 

Xc.  18,  Tennessee  Ball  Clay.  —  Although  this  material 
possesses  excellent  plasticity,  it  is  somewhat  deficient  in  bond- 
ing power  as  indicated  by  its  high  pore-shrinkage  water  ratio, 
0.95  and  its  low  modulus,  228  pounds.  On  the  other  hand  its 
firing  behavior  is  excellent.  It  vitrifies  at  about  1230°  from  a 
porosity  of  37.50  percent  at  1050°.  It  remains  very  constant 
in  structure  till  1400°  is  reached  whe»i  it  begin  to  overfire  very 
gradually.  It  still  possesses  a  good  structure  at  1450°-  The 
softening  point  corresponds  to  that  of  cone  32  -(-.  It  is  un- 
doubtedly a  valuable  clay  chiefly  on  account  of  its  good  firing 
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qualities.  It  is  especially  suitable  for  glass  refractories,  but  for 
crucible  work  it  requires  admixture  with  a  somewhat  stronger 
clay.  The  firing  qualities  of  this  material  are  illustrated  in 
Fig.  13- 
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No.  19,  Tennessee  Ball  Clay.  —  This  clay  is  similar  to  Xo. 
18.  It  is,  however,  decidedly  stronger,  since  its  modulus  is  282, 
thougli  it  has  a  smaller  shrinkage.  It  vitrifies  at  1200°  and  does 
not  begin  to  overfire  before   1425^.     hi    1450°   it  still  shows  a 
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good  structure.  The  overfiring  takes  place  gradually  as  is  seen 
from  Fig.  14.  Its  softening  temperature  is  aljout  cone  32.  What 
has  been  said  of  the  previous  clay  applies  al.so  to  this  material, 
though  it  might  he  said  that  it  is  superior  to  Xo.  18. 

Xo.   20,    Southern   Ohio.  —  This   clay    is   very   plastic,   and 
possesses  satisfactory  bonding  ]jo\ver.     Its  pore-shrinkage  water 


^j&^i*vn«yyi<..:at»w.y,^ 


/^ 

a  '7 

1. — ^ 

N 

[/ 

A- 

l4ffyi^/>^ 

0  ci^y 

'>, 

\, 

/ 

\ 

\ 

\ 

\ 

fi>rr>»ti 

^ 

^ 

--^ 

7JP             // 

X?         /a 

<!>          a 

XI         /^ 

-a         /J 

00           'J^ 

W            /-A 

9£>               /A 

<v 

/J 

»       /Jirv 

1 

I 

{ 


ratio  is  o.jj  and  its  motiulus  321.  Its  water  content  is  consider- 
ably below  the  average  values  holding  for  the  other  clays,  since 
it  is  only  39.7  percent  of  the  true  clay  volume.  For  this  reason, 
the  density  of  the  molded  clay  is  quite  high,  the  specific  gravity 
being  1.91.  The  porosity  at  1050°  is  only  22.30  percent,  and  it 
vitrifies  com])lcie]y  at    1260',  beginning  to  ovcrfire  immetliatelv. 
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see  Fig.  15.  The  softening  point  is  that  of  cone  30^.  It  cannot 
be  considered  a  bond  clay  of  the  highest  type  in  view  of  these 
results,  and  in  any  event  it  should  not  be  used  alone,  but  in- 
variably in  conjunction  with  other  clays. 

Xo.  21,   Southern  Ohio.- — This  clay  is  similar  to   No.  20. 
It  is  not  quite  so  strong  as  the   former,  indicated  both  by  the 


7>j^  >i^  ^^/fj:£ic  >^.:  jf/x 


S^^MWSSVA  ^/KM/S 


Porvs/^ 


/IfffT/t/fSyiS  Ci^>^ 


- Sfiry^^i7^e  ^^  ^^■«._. ..' 


higher  pore-shrinkage  water  ratio,  0.87,  and  by  the  lower  modu- 
lus, 277.  It  vitrifies  more  gradually,  becoming  completely  dense 
jCt  1290°  and  overfiring  slowly  beyond  this  temperature,  see 
Fig.  16.  It  is  interesting  to  note  that  no  appreciable  volume 
changes  occur  until  1400°  has  been  reached,  a  condition  much 
in  favor  of  the  material.  For  this  reason,  it  is  distinctly  su- 
perior to  clay  No.  20.     It  should  be  useful  as  part  of  a  bonding 
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mixture   for  steel  melting  crucibles  and  glass  refractories.     Its 
softening  temperature  is  that  of  cone  3i|. 

No.  22,  Maryland.  —  In  appearances  this  clay  resembles 
very  closely  the  Klingenberg.  A.  T.  clay.  It  is  black  and  high 
in   organic  matter  and  exhibits  the  same  charactertistic  "stick- 
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iness."  It  resists  slaking  in  water  still  more,  though  it  has  a 
higher  pore-shrinkage  water  ratio.  Its  total  water  content  is 
somewhat  lower  than  that  of  the  Klingenberg  material.  The 
modulus  is  518,  which  is  exceedingly  high.  Its  porosity  at  1090° 
is  21. 80  which   is  greater  than  that  of  the  Klingenberg  at  the 
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same  temperature,  and  its  temperature  of  complete  vitrification 
is  higher,  this  point  being  reached  at  about  1250°.  The  clay, 
however,  reaches  a  good  dense  state  at  1200°.  Expansion  be- 
gins to  take  place  somewhat  below  1350°,  and  this  change  be- 
comes accelerated  markedly  at  1400°,  followed  by  a  stage  of 
quiescence.  The  material  evidently  becomes  quite  viscous  at 
temperatures  above  1450°,  see  Fig.  17.  The  softening  point  is 
that  of  cone  31.  It  would  seem  that  this  clay  should  be  val- 
uable for  the  crucible  industry,  though  less  suitable  for  glass 
refractories. 

No.  2^,  Arkansas.  —  This  clay  seems  to  be  of  the  type  of  the 
Gross  Almerode  clay.  It  is  siliceous  in  character  and  evi- 
dently very  low  in  flu.xing  materials.  It  possesses  excellent 
plasticity  and  bonding  power  being  superior  in  this  respect  to 
the  Gemian  clay.  Its  required  water  content  is  higher  than  that 
of  the  imported  material,  amounting  to  75.3  percent  in  terms 
of  the  true  clay  volume.  Its  pore-shrinkage  water  ratio  also  is 
more  favorable,  being  0.72.  The  modulus  is  466  pounds.  The 
burning  behavior  likewise  is  superior  to  that  of  the  German 
clay  as  may  be  seen  from  Fig.  18.  It  does  not  vitrify  at  all 
within  the  temperature  range  employed,  its  porosity  at  1450° 
being  still  23.90  percent.  The  volume  remains  remarkably  con- 
stant. The  softening  point  is  that  of  cone  29.  It  is  evident 
that  this  clay  is  an  excellent  glass  pot  material,  though  not 
adapted  to  crucible  work,  except  in  connection  with  another 
refractory,  strong  but  more  dense  burning  material. 

No.  24,  Gross  Almerode.  —  This  well  known  clay  is  very 
plastic,  though  its  pore-shrinkage  water  ratio  is  high,  0.99,  char- 
acteristic of  siliceous  clays.  Its  specific  gravity  in  the  dried 
state  is  high,  it  being  1.99.  ,  Its  bonding  power  is  indicated  by 
the  modulus,  364  pounds  per  sq.  in.  It  burns  to  a  strong,  but 
still  somewhat  porous  structure,  6.95  percent  porosity,  at  1450° 
and  begins  to  overfire  soon  beyond  this  temperature,  see  Fig. 
19.  At  this  point  expansion  becomes  quite  evident.  As  has 
been  stated  before  this  clay  is  inferior  in  its  general  properties 
to  clay  No.  23,  its  only  advantage  being  that  it  fires  to  a  denser 
structure.  The  same  result  could  be  obtained  with  the  Arkansas 
clay   by   admixture   with    a    denser   firing,    but    refractory   bond 
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clay,  and  the  result  would  be  more  satisfactor)'.     The  softening 
point  of  this  material  is  that  of  cone  29. 

No.  25,  Southern  Illinois.  —  This  clay  is  similar  in  its 
characteristics  to  sample  No.  15.  Its  pore-shrinkage  water  ratio 
is  not  so  favorable,  0.75,  compared  with  0.65,  and  its  modulus  is 
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lower,  being  2U2  pounds  i)er  sq.  in.,  though  its  plasticity  is  ex- 
cellent. When  fired  it  shows  a  somewhat  higher  porosity,  and 
it  does  not  become  quite  as  dense  as  No.  15.  Its  maximum 
density  of  structure  is  not  reached  before  1350°,  while  No.  15 
becomes  dense  below   1250°.     The  clay  under  consideration  is 
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somewhat  more  refractory  and  begins  to  overtire  at  a  higher 
temperature,  see  Fig.  20.  Its  softening  point  is  that  of  cone 
32  -f-.  In  spite  of  its  low  bonding  power  this  clay  should  he 
very  useful  as  a  general  refractory  bond  clay,  especially  for 
steel  melting  crucibles  and  glass  pots.  It  should  be  used  in 
connection    with    somewhat    stronger   bond    clays. 

No.  26,  Northern  Illinois.  —  This  No.  2  fire  clay  shows  the 
lowest  water  content  of  any  of  these  clays.  The  percent  of 
shrinkage  water  in  terms  of  the  true  clay  volinne  is  only  27.3 
and  the  pore-shrinkage  water  ratio  is  0.89.  This  material  shows 
fair  plasticity  and  its  modulus  is  240.  The  siliceous  character 
of  the  clay  is  indicated  by  the  porosity-temperature  diagram, 
see  Fig.  21.  It  is  of  the  Gross  Almerode  type  and  shows  a 
steady  progress  of  vitrification.  Overfiring  was  no't  yet  ob- 
served at  1475°.  From  the  burning  standpoint  the  material  is 
a  very  excellent  one.  The  softening  point  corresponds  to  that 
of  cone  29.  It  is  evident  that  this  clay  is  a  useful  one,  espe- 
cially when  blended  with  such  a  material  as  No.  13.  Its  pri- 
mary use  would  be  in  connection  with  glass  refractories, 
though  together  with  a  clay  like  No.  22.  it  would  produce  a  good 
crucible  mixture,  adjusted  to  produce  the  desired  density  of 
structure  at  a  lower  temperature. 

No.  2j,  St.  Louis  District.  —  This  is  a  typical  clay  from 
this  district,  of  good  plasticity,  but  somewhat  deficient  in  bond- 
ing power.  The  pore-shrinkage  water  ratio  is  0.74  and  the 
modulus  263  pounds  per  sq.  in.  Its  porosity  at  1050°  is  25  per- 
cent, and  vitrification  proceeds  uniformly  and  steadily  to  a 
porosity  of  2.5  percent  at  1400°.  It  does  not  begin  to  overfire 
till  1425°,  see  Fig.  22.  It  is,  therefore,  a  very  satisfactorily 
burning  material.  Here  again  it  should  be  stated  that  the  best 
results  are  obtained  in  admixture  of  this  clay  with  a  clay  of 
greater  bonding  power  and  supplementing  its  burning  character- 
istics.    The  softening  point  is  that  of  cone  31. 

No.  28,  Mississippi.  —  This  bond  clay  is  of  a  slightly 
"sticky"  nature,  somewhat  inclined  to  crack  in  drying.  Its 
pore-shrinkage  water  ratio  is  0.81,  and  its  bonding  power  is 
very  acceptable  as  indicated  by  its  modulus  which  is  326  pounds 
per  sq.  in.     Beginning  with  a  porosity  of  30  percent  at   1050° 
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it  vilrillcs  quite  j^'radnally  becoming  dense  at  1320°.  This  con- 
dition is  maintained  constant  up  to  1450°  where  overfiring  oc- 
curs. iiicHcated  by  expansion  f)n  tiie  volume  change  curve,  see 
l'"ig.  _'.^  The  softening  point  is  that  of  cone  30.  The  chiy 
should  he  generally  useful  as  a  bonding  material. 

SUMMARY 

It  is  hoped  that  the  results  here  given  furnish  proof  for  the 
assertion  that  we  have  in  the  United  Slates,  clays  which  make 
possible  the  manufacture  of  the  several  kinds  of  refractories 
without  the  use  of  imported  materials.  It  is  the  desire  of  the 
writers  to  emi)hasize  the  fact  that  in  nearly  every  case  the  use 
of  an  intimately  blended  mixture  of  suitable  clays  is  to  be  pre- 
ferred to  the  use  of  single  clays.  In  this  manner,  using  such 
data  as  have  been  here  [jresented,  it  should  be  possible  to  pro- 
duce bodies  possessing  all  the  desired  properties.  Very  similar 
clays  should  not  he  worked  together.  To  illustrate  this  statement 
we  might  sa)-  for  instance  that  clay  No.  23  (Arkansas)  should  be 
l)leu(led  with  cla\-  .Vo.  27  ( .*^t.  Louis  district)  for  glass  refrac- 
tories. In  this  manner,  liy  the  use  of  clays  which  show  certain 
contrasts  it  should  be  possible  to  exercise  accurate  control  over 
the  resulting  c|ualities  and  hence  to  secure  the  best  commercial 
residts.  A  clay  like  Xo.  22  (Maryland)  should  be  supplemented 
by  such  clays  as  Nos.  7  (  Kentucky  1,  .\'n.  13  (Tennessee),  or  Xos. 
18  and  19  (Tennessee).  .Again  .\'o.  14  would  be  improved  by 
Nos.  13,  25,  or  26  (Illinois).  It  is  evident  that  in  this  fashion 
more  or  less  dense,  or  again  open  burning  bodies  may  be  ])ro- 
duced  according  to  the  siiecific  needs  of  each  case.  It  is  very 
much  to  be  urged  that  systematic  methods  of  studying  these  raw 
materials  replace  the  cut  and  try  procedures  which  are  only  too 
common.  For  glass  refractories  a  siliceous  clay  should  be  used 
as  the  basis  and  reinforced  by  the  addition  of  suitable  dense 
burning  materials. 

It  goes  without  saying  that  there  must  be  many  clays  of 
the  bond  clay'  type  in  the  United  States.  In  addition,  there  are 
available  the  plastic  kaolins,  which,  though  they  would  not 
contribute  towards  the  strength  of  the  body  are  very  effective  in 
increasing  the  refractoriness  and  raising  the  overtiring  temjiera- 
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TABLE    I 


(E) 

(F) 

(o) 

(H) 
SHRINK- 

(c) 

(D) 

SHRINK- 

RATIO 

AGE 

(a) 

WATER 

WATER 

AGE 

WATER 

PORE 

OF 

(B) 

IN  TERMS 

WATER 

N    TERMS 

WATER 

WATER 

NO. 

SOUkCE. 

OF   DRY 

OF  TRUE 

IN  TERMS 

■jp    TRUE 

IN  TERMS 

WEIGHT. 

CLAY 

OF    TRUE 

CLAY 

SHRINK 

VOLUME 

CLAY 

VOLUME. 

AGE 

OP 

percent 

percent 

percent 

percent 

percent 

1 

English  ball   clay 

44.90 

116.0 

64.6 

51.4 

'0.79 

50.6 

2 

Klingenberg,    marked 

A.   T 

39.68 

104.0 

66.4 

37.6 

0.57 

63.8 

3 

New  Jersey    

31.23 

81.9 

48.3 

33.6 

0.69 

58.9 

4 

From    a    St.     Louis, 

Mo.,   firm    

31.14 

80.7 

51.5 

29.2 

0.57 

63.8 

5 

Klingenberg,    marked 

E.  T 

50.66 

132.3 

84.8 

47.5 

0.56 

64.1 

6 

From     a     St.     Louis, 

Mo.,  firm    

43.63 
45.28 

112.0 
117.6 

65.1 
57.2 

46.9 
60  4 

0,72 
1.05 

58.1 

y 

Kentucky    

49.6 

8 

Southern   Ohio    

22.08 

58.2 

32.2 

26.0 

0.80 

55.3 

9 

New  Jersey   

41.85 
40.33 

108.8 
106.5 

49.4 
60.8 

59.4 

45.7 

1.20 
0.75 

45.4 

10 

English   ball  clay 

57.1 

11 

Southern   Ohio    

25.30 

66.0 

35.9 

30.1 

0.83 

54.4 

1-2 

New  Jersey    

84.46 

89.7 

.35.2 

54.50 

1.54 

39.2 

13 

Tennessee   

37.65 

98.2 

47.8 

50.40 

1.05 

48.6 

14 

From    a     St.    Louis, 

Mo.,   firm    

34.66 
45.16 

90.4 
117.4 

58.7 
71.0 

31.7 
46.4 

0.54 
0.65 

62.9 

15 

Southern   Illinois    .... 

60.4 

16 

From     a     St.     Louis, 
Mo.,   firm    

29.54 

17 

Kentucky  ball  clay. . . . 

50.85 

132^5 

H'a 

kh.i 

o'.7i 

58 '.4 

18 

Tennessee  ball  clay. .  . 

46.10 

120.0 

61.5 

58.5 

0.95 

51.2 

10 

Tennessee  ball  clay... 

44.73 

116.3 

58.9 

57.4 

0.97 

50.6 

20 

Southern  Ohio   

26.98 

68.3 

39.7 

28.6 

0.72 

58.1 

21 

South.   Ohio,   washed. 

26.84 

69.5 

37.2 

32.3 

0.87 

53.5 

22 

Maryland     

38.91 

101.0 

60.5 

40.5 

0.67 

59.9 

28 

.Arkansas  

29  02 
20.64 

75.3 
53.4 

43.7 
26.8 

31.6 
26.6 

0.72 
0.99 

58  0 

24 

Gross   Almerode    

50.1 

25 

Southern   Illinois    .... 

40.98 

106.8 

60.9 

45.9 

0.75 

57.0 

26 

Northern  Illinois    .... 

19.84 

51.6 

27.3 

24.3 

0.89 

52.8 

27 

St.  Louis  district 

25.52 

66.0 

37.8 

28.2 

0.74 

57.2 

28 

Mississippi    

31.39 

81.6 

45.0 

36.6 

0.81 

55.1 
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(M) 

MOD- 

ULUS 

(I) 

MOD- 

OF 
RUP- 

APPAR- 

(J) 

ULUS 

TURE 

ENT 

SHRINK- 

OF 

OF 

SPE- 

AGE    BY 

(K) 

RUP- 

DRIED 

CIFIC 

VOLUME 

TIME  OF 

TURE 

MIX- 

(N) 

GRAV- 

(N TERMS 

SLAKING. 

OF 

TURE 

REMARKS. 

ITY 

OF     DRY 

DRIED 

OFl 

OF 

VOLUME. 

CLAY. 

CLAY 

DRIED 

LBS. 

;   1 

CLAY. 

PER 
SQ.  IN. 

LBS. 

PER 

SQ.  IN. 

percent 

minutes 

I.(i9 

43.. 30 

30 

376 

323 

Inclined  to  crack  in  drying. 

1.79 

-42.58 

78 

345 

381 

Warps  and  cracks  in  drying. 

1.00 

35.01 

12 

475 

255 

No  cracking  nor  warping. 

1.94 

38.42 

52 

838 

399 

No  difficulty  in  drying. 

1.70 

.55.05 

108 

230 

363 

Sticky  and  cracks  in  drying.  Speci- 
mens checked. 

1.72 

43.63 

33 

328 

351 

Very  fat  but  dries  well. 

1..V) 

34.53 

9 

239 

234 

Good  plasticity ;   dries  well. 

'J.  (11 

24.46 

8 

479 

281 

Fair  plasticity  ;  dries  well. 

1.56 

29.86 

20 

248 

185 

Good  plasticity,  lacking  in  bonding 
power ;  dries  well. 

1.71 

39.85 

41 

366 

.389 

Strong,  plastic,  dries  well. 

1.94 

27.92 

8* 

452 

309 

Good  plasticity ;  dries  well. 

1.64 

22.12 

■^ 

173 

94 

Fair  plasticity ;  weak. 

1.66 

31.01 

■5J 

187 

199 

Very  good  plasticity :  dries  well. 

1.90 

42.63 

117 

990 

554 

E.xcellent  plasticity ;  dries  well. 

1.67 

45.35 

54 

439 

341 

Somewhat  "greasy",  good  plasticity  ; 
dries  well. 

37.02 

26 

575 

351 

Good  plasticity :  dries  well. 

'\^i 

46.80 

36i 

359 

362 

Very  plastic,  warps,  excellent  bond- 
ing power. 

1.59 

37.96 

18i 

326 

228 

Good  plasticity :  dries  well. 

1.56 

35.27 

27 

387 

282 

Very  plastic ;  warps  somewhat. 

1.91 

29.21 

lOi 

482 

321 

Very  plastic :  dries  well. 

1.88 

26.98 

10" 

328 

277 

Very  plastic ;  dries  well. 

1.76 

40.61 

113.V 

667 

518 

Sticky,  cracks  in  drying. 

1.89 

32.32 

128" 

817 

466 

Very  plastic  and  dries  well. 

1.99 

20.57 

49i 

502 

364 

\'ery  plastic  ;  dries  well. 

1.66 

38.81 

45 

338 

262 

Somewhat   "greasy"  but   dries   well. 

2.0.3 

21.08 

12 

442 

240 

Fair  plasticity;  dries  well. 

1.95 

28.52 

46 

489 

263 

Good  plasticity  and  dries  well. 

1.81 

31.36 

55 

645 



326 

Somewhat  sticky  and  slightly  in- 
clined to  crack. 
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lo- 


ll 00°  c. 


VOL- 
UME 

sbr'k- 

AGE. 


per- 
cent 


1 
2 
3 

4 

5 

6  I 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


English  ball  clay 

Klingeiiberg,  A.  T 

New  Jersey   

From  a  St.  Louis  firm. 

Klingenberg,  E.  T 

From  a  St.  Louis  firm. 

Kentucky    

Southern  Ohio   

New  Jersey   

English  ball  clay 

Southern  Ohio   

New  Jersey   

Tennessee  ball  clay.... 
From  a  St.  Louis  firm. 

Southern   Illinois    

From  a  St.  Louis  firm. 
Kentucky  ball  clay.... 
Tennessee  ball  clay. . . . 
Tennessee  ball  clay. . . . 

Southern   Ohio    

Southern  Ohio,  washed. 


per- 
cent 


per- 
cent 


16.64    24.80 
26.15    14.80 


25.15 
23.151 
23.92 
.33.40; 
37.09 
22.83 
40.80| 
20.70 
23.55 
40.40 
33.60 
24.751 


11.151 

6.151 

23.211 

14.551 

11.49 

7.34| 

9.921 

20.621 

6.66[ 

6.131 

7.50| 

7.921 


per- 
cent 


35.52 


7.30 
18.62 

21.85]  16.75| 

21.811  9.171 

6.231   

30.80|  17.80 

33.901  16.83 

18.911  10.10 

39.501  12.24 

11.891  26.28 

21.72  9.97 


34.611  12.30 
24.28 


22  I  Maryland 


Arkansas 
Gross  Almerode 


37.80 

13.05 

37.50 

12.84 

35.48 

17.90 

22.30 

8.27 

25.48 

7.08 

28.95 


Southern  Illinois    . . 

Northern  Illinois   I  23.12 

St.    Louis    district !  24.90 

Mississippi    |  30.32 


39.20 
30.80 
21.95 
33.20 
15.88 
30.90 
28.70 
26.55 
18.20 


6.76 
10.26 

9.90 
14.42 


22.70 
23.45 
25.60 
13.62 


22.431  11.02 

1090° 
21.80|  18.22 
28. 50!   


7.42 
8.701 
9.751 


22.801  7.78 

23.35  10.34 

29.80|  9.90 

I  I 


per- 
cent 

1.99 

5.86 
16.951 
17.85! 

2.90 
22.12 
26.02 
15.82 
35.20 

3.45 
17.61 
37.90 
27.50 
18.85 
30.70 
10.57 
22.28 
20.75 
19.03 
15.12 
19.15 


per- 
cent 

33.84 
28.85 
21.00! 
11.501 

....  I 
55.52| 
26.80| 
12.85! 
17.15! 
30.00 
11.95 

8. 08 
15.71 
13.05 
17.70 


per- 
cent 


per- 
cent 


30.23 
31.14 
32.20 
16.95 
14.50 


28.00     0.72 

1090° 
26.06!     4.14 

1090° 
37.301  13.50 
10.00 
13.62 
14.15 


20.86 
2I.I0I 
25.301 


1.62    35 

1.74|  30 
14.40  22 
18.45[  12 

2.281  38 
10.33  32 
21.251  30 
14.351  14 
27.751 

1.49 
15.01 
33.90 
22.55 
16.48 
21.85 

7.23 
18.25 
16.95 
16.50 
14.08 
16.761  1 
1120 
17.131  23 
26.921    0 

1120 
24.921     4 

1120 
.33.901  16 
18.951  11 
19.751  16 
20.80'  18 
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1175°  c. 


1200°  c. 


1290°  c. 


per- 
cent 

o.Iy 

1.83 
9.84 
i:).52 
2.86 
iS.78 
17.83 
12.95 
21.28 
1.28 
12.05 
28.38 
19.10 
11.52 
10.85 
4.89 
1().48 
13.90 
12.71 
11.82 
10.38 

10.90 
26.82 

22.52 

28.89 
16.37 
17.05 
15.96 


VOL- 
UME 

shr'k- 

AGF.. 


fcr- 


36 

72  1 

31 

30 

24 

90 

13 

18 

39 

50 

33 

95 

34 

21 

16 

(KJ 

30.12  1 

32 

51 

17 

95 

19 

30 

25 

35 

17 

25 

35 

15 

3.3 

2.5 

37 

10 

1  36 

ao 

20 

30 

17 

.12 

27 

.52 

2 

.13 

7 

.59 

21.60 
14.11 
19.. 30 
2a.  80 


I  I  I 

per- 
cent 


0.31 

2.. 50 

5.80 

13.32 

2.761 

3.95 

17.05 

12.02 

20.35 

1.43 

10.26 

27.69 

12.65 

2.12 

6.71 

1.91 

13.90 

9.00 

4.05 

9.75 

16.20 

4.98 
26.40 

21.70 

24.48 
16.37 
16.35 
15.76 


per-  1 

per- 

per- 1 

cent 

cent      ccni 

36.90 

0.68]  36.63 

31.71 

1..54 

32.65 

26.95 

1.83 

27.28 

13.88 

11.95 

15.46 

3.5!. 50 

1.23 

36.45 

35.40 

12.95 

37.01 

17.15 

11.56 

17.10 

16.45 

.33.. 50 

33.80 

0.92 

32.80 

18.21 

9.71 

19.78 

20.89 

27.10 

22.08 

28.95 

8.13 

31.42 

18.27 

1.02 

18.96 

34.80 

3.85 
1.39 

35.50 

34.70 

8.43 

37.50 

36.90 

3.77 

39.12 

39.01 

1.38 

20.95 

7.39 

92  32 

18.25 

14.. 50 

20.20 

29.01 

2.14 

30.32 

1.73 

■25.45 

2.18 

7.59 

20.. 50 

7.84 

26.401  15.00 

14.161  15.13 

18.761  15.45 

23.301  14.101 
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TABLE    III 


1320°  c. 


1350"  c. 


VOLUME 
SHRINK- 
AGE. 


1400"  C. 


VOLUME 
SHRINK- 
AGE. 


1425°  C. 


I  { 

\pcrccHf\pcrccHt 


2.20 
1.49 


I     2.09 

I 

I     2.19 


22  I     1 

23  I  24 


34.35 
32.32 


10.83 
19.34 


.38.00 


.85 
.97 
.50 
,97 
.38 
,09 
,88 
,17 
.82 
,07 
,62 

18 
,34 

15 

,04  I 
,71  I 
1315° 

47  I  32.35 
,95  I    1.82 


38.65 
42.75 
18.18 
40.10 
27.87 
20.65 
32.15 
35.10 
8.14 
39.40 

4i!26 
42.90 
.39.30 
18.23 
27.60 


percent 


2.31 
1.56 


I  1315° 

24  I  15.53  I  9.67 
I  1315° 

25  I  5.09  i  38.12 


26 


28 


9.44  I  17.25 

6.93  I  24.95 

1.93  I  27.55 
I 


0.81 
0 .  52 
1.16 
1.59 
2.83 
8.60 
0.38 

16.90 
2.27 
6.01 
1.48 
1.99 
1.14 

12.95 
1.46 

1..V3 
25.05 


14.10 
3.30 
7.98 
3.67 
1.55 


percent 


31.32 
29.75 


13.75  12.78 
2.47  I  


38.30 
42.60 
13.78 
40.35 
28.65 
16.20 

34!i6 

0.75 

39.10 

42!62 
40.95 
39.15 
13.62 
26.32 

30.70 
1.81 


9.68 
38.40 
17.. 38 
25.20 
27.95 


percent 
'i!59 


2.42 


2.09 
-0.95 
4.66 
0.71 
0.82 


1.28 

2. 53 

"o!84 
3.02 
0.82 


percent 


36.40 


39.55 

42.80 
14.21 
40.25 
28.50 

33!  45 
.33.10 

46;  66 

40  .'36 
39.10 
38.45 

25!  41 

1390° 

2.44  I  28.85 

25.02   1.94 

1390° 
12.25  I  10.70 

1.390° 
2.86  I  38.60 


5.75 
2.47 
1.81 


19.23 
24.35 
28.40 


percent 
'i'.48 


3.23 


1.85 
O..33 
6.01 
1.33 
2.34 

"s'.68 
0.48 

"2!i5 

'2!76 
3.22 
1.39 


percent 
26.' 64 


38.22 
42.10 
9.08 
37.90 
24.90 

35!  66 

28.50 

38!  96 

39!  75 
35.70 
36.10 


7.02  I  17.95 
1420° 


5.92 
24.40 


22.25 
2.12 


1420° 
11.85  I  10.60 
1420° 
38.40 


3.13 
4.32 


19.65 


3.48  I  23.. 30 
1.77  27.65 


percent 
'3"93 


3.53 


4.61 
3.30 
5.60 
5.45 
3.03 

'6!84 
4.89 


6.00 
4.45 
2.85 


7.95 
23.90 
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VOLUME 

SHIilNK- 

AGE. 


percent 


26.85 


34.05 
37.02 

3i  >25 
19.95 

36.:ih 

20.20 

35' is 
37^96 

34.50 
35.35 

12.92 

18.60 
2.24 


8.64 
37.38 
18.85 
19.35 
24.65 


u?.-) 


percent 


6.02 


6.54 
4.88 


3.85 
3.05 


0.15 
2.90 


4.38 


/OLUME 
SHRINK- 
AGE. 


percent 


25.32 
32.90 


25.30 


34.00 
16.28 


28.35 


22 


1480° 

6.95  I  19.00 

:2.55   2.69 


1480° 
11.90  I  4.73 

1480° 
4.54  I  34.50 

1470° 
1.92  I  18.90 

1470° 
10.50  I  18.10 

1470° 
8.63  I  19.95 


1500°  c. 


percent 


3.79 


VOLUME 
SHRINK- 
AGE. 


percent 


29.78 


26.85 


35.60 
33.40 


18.65 


1505° 

26.20  !  11.1 

1505° 


3.79 


7.01 
7.13 

"5. '36 
6.95 

'i'ji 

6.03 

'5'.82 

'4!85 
5.80 
5.18 


10.25 


30.80 


SOFT- 
ENING 
TEMP. 


31i 
32 

27J 
27 

32 


32 

32 

31 

32 

32 

30* 

32" 

32 

27 

32 

32 

32+ 
32+ 

m 

21J 

31 

2!) 


29 

32+ 

29 

31 

30 


Ovcrfired  at  1320°. 

Overfired  at  1450°.  Sensi- 
tive to  sudden  cooling. 

Begins  to  overfire  at  1230°. 

Overfired  decidedly  at 
1350°. 

Cracked  in  drying  and 
burning.  Overfired  at 
14.50°. 

Overfired  at  1450°. 

Overfired  at  1450°. 

Begins  to  overfire  at  1400°. 

Overfired  at  1450°. 

Overfired  at  1425°. 

Ovcrfired  at  1350°. 

Overfired  at  1500°. 

Overfired  at  1425°. 

Overfired  at  1320°. 

Overfired  at  1450°. 

Overfired  at  1320°. 

Overfired  at  1450°. 

Overfired  at  1425°. 

Overfired  at  1450°. 

Overfired  at  1290°. 

Overfired  at  1400°. 

Begins  to  overfire  at  1390°. 
Does     not     overfire     a  t 

1475°+. 

Ovcrfired  at  1480°. 
Overfired  at  1475°. 
Not  yet  overfired  at  1475°. 
Ovcrfired  at  1450°. 
Begins  to  overfire  at  1450°. 


632  PROPERTIES   OF    SOME    AMERICAN    BOND   CLAYS 

ture.  In  this  laboratory,  the  use  of  Georgia  and  Florida  kaolins, 
in  percentage  up  to  20  percent  of  the  total  clay  employed,  has 
been  found  to  be  very  effective  for  high  grade  bodies.  At  the 
prevailing  prices  of  No.  i  bond  clays  the  use  of  the  unwashed 
Georgia  kaolin  would  not  be  prohibitive. 

The  writers  desire  to  state  also  that  many  mistakes  have 
been  made  in  the  hurry  to  develop  promising  clay  properties, 
some  of  which  would  be  almost  ludicrous  if  the  results  were 
not  so  serious.  These  errors  consist  in  including  in  shipments, 
entirely  unsuitable  clays  adjoining  the  strata  of  good  clay,  poor 
judgment  in  dififerentiating  the  different  clays,  the  failure  to 
reject  obvious  impurities  such  as  pyrites  or  gypsum  and  espe- 
cially in  failing  to  make  a  comprehensive  and  thorough  survey 
of  the  deposits,  both  by  borings  and  by  the  sinking  of  shafts. 
As  a  result  much  disappointment  has  resulted  from  develop- 
ments which  were  very  promising  in  the  beginning  but  proved 
disappointing  both  to  the  user  and  the  miner.  The  matter  of 
].ireliminary  clay  testing  has  been  practically  disregarded  en- 
tirely excepting  by  several  well  established  firms,  and  the  cost 
of  e.xperimenting  in  the  use  of  these  clays  devolved  almost  en- 
tirely upon  the  user  who  in  most  cases  was  able  to  do  this  only 
by  making  up  ware  —  a  method  of  testing  which  is  expensive  to 
say  the  least.  A  few  easily-made  preliminary  clay  tests  would 
have  saved  nuich  time,  money  and  disappointment  inasmuch  as 
they   would   have   eliminated   the   most   undesirable   materials. 

DISCUSSION 

}.Ir.  Parmclcc:  1  would  like  to  ask  Prof.  Bleininger  whether 
he  can  give  us  some  explanation  for  the  fact  that  there  seems 
to  be  only  a  remote  connection  between  the  modulus  of  rupture 
and  the  time  of  slaking?  For  example,  the  first  clay  shows  a 
modulus  of  rupture  of  381  pounds,  and  the  time  of  disintegration 
is  78  minutes.  In  clay  No.  15  we  have  a  clay  which  has  a 
modulus  of  rupture  of  389  pounds,  and  the  time  of  disintegra- 
tion is  41  minutes,  a  difiference  of  only  8  pounds  in  modulus  of 
rupture,  but  a  difiference  of  tj  minutes  in  time  of  slaking. 

Mr.  Bleininger:  I  can  answer  this  question  only  by  saying 
that  the  organic  material  obviously  exercises  a  very  important 
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effect  and  this  effect  may  not  be  shown  so  clearly  in  regard  to 
strength  as  it  is  with  reference  to  resistance  to  disintegration. 
It  seems  there  is  a  clogging  up  of  the  pores,  if  I  may  use  that 
expression.  This  is  shown  especially  by  the  Maryland  clay, 
which  contains  quite  a  high  percentage  of  highly  dispersed 
organic  material. 

Mr.  Crcic/lttoii :  I  would  like  to  ask  what  criterion  is  used 
for  ovcr-tiriiig  and  also  the  form  of  testing,  whether  it  is  the 
same  form  nf  test  piece  as  used  in  previous  cases.  * 

Mr.  lilciniiigcr:  Evidence  of  over-firing  is  obtained  from 
the  porosity-temperature  curve  and  also  from  the  volume-tem- 
perature curve.  Roth  are  used.  In  fact,  in  most  cases  w^e  use 
the  temperature  and  volume  relations  as  giving  us  the  first  dis- 
tinct evidence  of  over-burning.  The  size  of  the  bars  used  for  the 
transverse  strength  test  is  7  by  i  by  i  inch. 

Mr.  Stover:  I  would  like  to  ask  Mr.  i'.leininger  if  similar 
work  along  the  line  of  kaolins  has  been  done  to  show  the  various 
qualities  of  the  American  materials  as  compared  with  those  which 
are  imported? 

Mr.  Blciningcr:  I  would  like  to  call  .Mr.  .Stover's  attention 
to  the  work  done  l)y  Prof.  Watts.  He  has  done  a  very  large 
amount  of  work  along  this  line. 

Mr.  Stover:    Is  that  shown  in  this  paper? 

Mr.  Blciningcr:  No.  Prof.  Watts  has  already  jjublished  it 
some  years  af;n.      I    lia\e  no   doubt  he  has  additional  material. 

Mr.  Brown:  I  would  like  to  ask  Prof.  Bleininger  if  the 
clay  has  a  tendency  to  overburn  and  ovcrfire,  whether  it  will 
retain  this  tendency  when  introduced  into  a  glass  pot  or  crucible? 

.1/;-.  Blciningcr:  I  would  like  to  answer  that  question  by 
saying,  yes.  When  it  comes  to  temperatures  around  1,450  and 
1,475,  ^^'^^  effect  of  over-burning  will  become  quite  evident  in 
spite  of  the  grog,  though  the  grog  has  a  powerful  tendency  to 
minimize  this  defect  by  a  solution  effect.  Naturally,  the  refrac- 
tory character  of  the  grog  and  its  size  of  grain  are  important 
governing  factors.  In  the  jiresent  series  of  tests  however  we 
arc  comparing  the  clays  themselves  with  each  other. 

.Mr.  I'urtly:  .May  I  ask  if  we  can  have,  rather  definitely, 
the  sources  of  these  clavs?     In  our  work,  we  find  that  when  we 
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come  to  make  a  survey  of  Xew  Jersey,  not  knowing  just  where 
to  go,  we  do  not  find  the  very  clays  reported  in  the  Transactions 
or  in  the  Geological  Survey  reports ;  definiteness  in  the  location 
of  the  clay  is  lacking. 

Mr.  Bleiuiiigcr:  Unfortunately  we  are  confronted  by  cer- 
tain rules  of  the  liureau.  It  would  be  all  right  if  all  clays  were 
of  the  high  grade  class,  but  when  we  give  the  exact  location  of 
one  material  and  it  does  not  happen  to  be  of  the  very  best  grade, 
that  particulaf  owner  immediately  proceeds  to  raise  objections. 
Mr.  Purdy's  question  is  perfectly  justified;  I  think  we  ought  to 
do  it,  and  we  would  like  to  do  it  if  it  were  possible.  Also 
unfortunately  the  question  comes  up  as  to  exactly  where  the 
samples  were  obtained.  Here  we  are  dealing  with  a  weak  point : 
we  have  no  funds  or  means  for  going  out  into  the  field  and 
selecting  the  samples  ourselves,  and  consequently  we  are  com- 
pelled to  take  the  word  of  the  man  who  is  furnishing  the  mate- 
rial, as  to  where  he  got  it,  and  I  might  say  that  in  some  cases 
we  have  difficulty  in  learning  just  exactly  where  the  sample  came 
from.  The  men  occasionally  seem  reluctant  to  divulge  just  where 
the  sample  was  obtained.  These  are  drawbacks,  which  are  very 
difficult   to  meet. 

Mr.  Parmclee:  There  have  been  a  few  remarks  made  by 
Prof.  Bleininger  in  regard  to  the  relation  of  organic  matter 
present  in  clay.  I  know  that  number  17  English  ball  clay  shows 
a  modulus  of  rupture  of  199  pounds  and  a  slaking  time  of  only 
6  minutes.  Now,  in  m}-  experience,  most  of  these  English  ball 
clays  contain  a  considerable  amount  of  organic  matter;  is  it 
that  that  organic  matter  is  in  a  clearer  form,  that  would  ex- 
plain that? 

Mr.  Bleininger:  Organic  matter  differs  widely  in  character 
and  covers  a  multitude  of  sins.  In  some  cases  we  are  dealing 
with  a  very  slimy  sort  of  substance  which  may  be  entirely  lack- 
ing in  other  clays  though  the  amount  of  organic  matter  may  be 
the  same.  I  refer  again  to  the  Maryland  clay,  which  contains 
a  very  ])eculiar  form  of  organic  material,  absent  in  most  ball 
clays, 

Mr.  Plusch:  In  answer  to  Mr.  Purdy's  question  relative  to 
definite  locations  of   different  clays,   it  may  be  interesting  and 
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valuable  for  many  of  us  to  note  that  at  the  Ceramic  Department 
of  Rutger's  College,  at  New  Brunswick,  N.  J.,  there  is  being  com- 
]iile(l  a  list  of  clays  available  in  the  State  of  New  Jersey.  These 
cla}s  are  arranged  according  to  their  burning  characteristics. 
'l'iK'\  ha\c  been  fired  at  several  different  heats  in  commercial 
plants,  and  .-m  effort  is  being  made,  as  I  understand,  to  have  on 
hand  data  as  to  the  miner,  location  of  his  mine  and  so  far  as 
possible  the  quantity  of  the  clay  of  any  particular  kind  he  has 
available.  If  a  minor  runs  out  of  a  particular  kind  of  clay  and 
the  user  wants  to  duplicate  it,  he  will  fintl  these  files  at  Rutger's 
of  extreme  value,  and  I  am  sure  from  past  experiences  that  Prof, 
llrown  will  be  glad  to  assist  our  members  in  locating  specific 
clays  available  in  (|uantity. 

Mr.  Brown:  ^'es,  I  think  the  department  can  give  Mr. 
f'urdy  any  information  on  these  clays,  but  I  believe  Mr.  Purdy 
referred  to  the  New  Jersey  clays  which  are  mentioned  in  the 
Transactions. 

Mr.  Purdy:  1  was  refcrritig  to  the  list  before  us,  not  any- 
thing which  has  been  given. 


NOTE    ON    THE    TEMPERATURE  —  POROSITY-VOL- 
UME CHANGES  OF  SOME  PORCELAIN  BODIES.' 

l;V    CEO.    A.    LOO.MIS 

The  manufacture  of  chemical  and  other  hard  porcelain  in 
this  country  is  being  carried  on  with  considerable  uncertainty, 
owing  in  a  great  measure,  to  the  fact  that  the  manufacturers 
are  not  determining  in  an  accurate  manner  the  burning  behavior 
of  the  bodies  they  are  using.  In  one  or  two  instances  con- 
siderable financial  loss  has  been  suffered,  due  to  a  lack  of  in- 
formation in  this  respect.  For  instance,  one  plant  has  been  using 
an  English  ball  clay  which  overburns  at  cone  12  in  a  bod}' 
which  was  being  matured  at  cone  12,  with  the  result  that  the 
ware  was  being  overfired.  An  accurate  study  of  the  burning 
behavior  of  this  body  before  being  used  commercially  would 
have  shown  this  clearly  and  saved  the  companv  from  loss. 

This  brings  up  the  question  of  how  best  to  make  this 
study.  Naturally,  the  most  satisfactory  method  is  that  com- 
monly used  in  the  case  of  single  clays ;  zns.,  to  study  the  tempera- 
ture-porosity-volume change  curves  plotted  from  data  determined, 
after  making  a  draw  trial  burn  of  briquettes  molded  from  the 
body. 

In  order  to  show  the  advantages  of  this  method  of  study,  as 
applied  to  porcelain  bodies,  several  curves  showing  the  burning 
behavior  of  some  bodies  are  submitted  and  will  be  discussed. 

The  composition  of  these  bodies  is  as  follows :  The  clay 
content  of  each  bodv  is  composed  of  : 

Percent 

Georgia  kaolin    10  "1 

North  Carolina  kaolin 60  ^  .\11  washed 

Florida  kaolin 30  J 


Ry  permission  of  the   Director  of  Bureau  of  Standards. 
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liODV    NO.     I. 

Clay  content    50 

Foldsi)ar 22 

Flint    27 

Whitin.ii    I 

BODV    NO.    2. 

Clay  content    58 

Feldspar    26 

Flint   15 

Magnesite    i 

BODY  xo.  3. 

Clay  content   55 

Feldspar 30 

Flint    15 

BODV    NO.    4. 

Clay  content   55 

Feldspar 23 

Flint   21 

Whitinij;    I 

BODY    NO.    5. 

Clay  content   55 

Feldspar    26 

Mint   18 

Wliitini,'    I 

A  draw  trial  burn  was  made  on  briquettes  molded  from 
these  bodies,  tirinjj  at  the  rate  of  20°  C.  per  hour  from  1000°  C. 
up.  in  order  to  aj/proach  practical  conditions  as  to  rate  of  firing 
as  nearly  as  possible.  Draws  were  made  every  25°  C.  between 
1 100"  C.  and  1500°  C.  Porosities  were  then  determined  on  these 
briquettes  using  the  usual  formula,  the  wet  weights  being  deter- 
mined after  soaking  the  specimens  in  boiling  water  under  vacuum 
for   four  hours.      The  vohnnes  were  accurately  determined  in  a 


638 


POROSITV-VOLUME  CHANGES  OF  SOME  PdRCELATN   HODIES 


volumeter.      These    temperature-porosity-volume    relations    are 
plotted  in  I'igs.  I,  2,  3,  4,  and  5. 

From  these  curves  certain  deductions  can  readily  be  made, 
noting  the  maturing  temperatures  and  the  temperatures  at  which 
the  first  evidence  of  overburning  takes  place.  These  are  com- 
piled in  the  following  table : 


BODY     M 

(TURING    TEMP. 

BEGl 

NNING     OF 

VITRIFIC/ 

NO. 

°  C. 

OVER 

FIRING     "  C. 

RANGE 

1 

1350 

1420 

70 

2 

1250 

1390 

140 

3 

1317 

1417 

100 

4 

1317 

1483 

166 

5 

1350 

1417 

67 

^^\-<  ^Af.  C^^  S(PC  i- 

a^  -Ky 

r/6/ 

/.aoAf^s 

f^o/^cSL^/Af  Sooy/\/o./ 

\ 

} 

—• — " 

j»/7^^? 

""-•- 

\ 

V 

/ 

A 

V 

/\ 

s. 

/ 

\ 

y 

\ 

V. 

. 

V               //J 

0 

/^ 

■?o           /^ 

fO              .J 

CO             /Ji 

S2^^  ■'^ 

ra         /^ 

■?o 

TlEMfi'S^^^Tc/ffS 


Attention  is  drawn  to  the  fact  that  body  No.  2,  having  prac- 
tically the  same  composition  as  No.  5,  but  with  i  percent  of 
magnesite  in  place  of  the  whiting,  matures  at  I250°C.,  while 
No.  5  does  not  mature  until  a  temperature  of  I350°C.  is  attained. 
Then,  on  the  other  hand.  No.  2  overfires  at  I390°C.,  while  No. 
5  does  not  show  such  behavior  up  to  I4I7°C.  In  like  manner 
an  idea  is  obtained  of  the  permissible  temperature  range  for  each 
body.  The  criteria  of  these  observations  are  the  porosity  rela- 
tions rather  than  the  volume  changes.    However,  the  detennina- 
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ti(jn  of  the  latter,  as  an  evidence  of  overtiring,  is  nnich  more 
sensitive  than  porosity  measurements  and  indicates  incipient 
deterioralion  of  structure  considerably  earlier.  In  fact,  the 
volume  relation  is  a  little  too  sensitive  a  determination  of  over- 
liring,  except  when  studied  in  connection  with  porosity  measure- 
nieiUs,  However,  the  body  which  remains  constant  in  volume 
during  a  longer  temperature  interval,  while  the  porosity  remains 
ai  a  minimum,  is  certain  to  be  superior  to  one  which  exhibits 
but  a  sliort  range.  Evidently,  in  the  case  of  the  bodies  here 
studied,  body  Xo.  i.  is  the  poorest  in  this  respect  and  Xos.  2  and 
3  the  best  and  the  latter  two  would,  therefore,  prove  the  safest  to 
l)urn  commercially. 

The  advantages  of  making  a  study  of  every  jjorcelain  body 
in  the  manner  described,  are  obvious,  and  it  is  extremely  im- 
portant that  a  general  practice  of  gaining  accurate  information 
in  this  manner  be  followed,  if  some  of  the  uncertainties  of  the 
porcelain  intkistry  are  to  be  overcome. 

DISCUSSION 

Mr.  Minton:  T  would  like  to  ask  Air.  Loomis  if  it  always 
follows  that  a  clay  which  would  be  over-fired  at  a  certain  tem- 
perature will  cause  over-tiring  in  the  body  at  that  same  tempera- 
ture, regardless  of  the  amount  of  clay  that  was  used,  etc. 

Mr.  Loomis:  There  is  one  talking  point  for  obtaining  in- 
fiirmation  in  the  manner  described.  Of  course  we  all  know  that 
in  blending  a  poor  clay  with  other  good  clays,  the  effect  of  a 
|)oor  clay  is  sometimes  taken  away.  By  olitaining  information 
in  this  way,  you  immediately  see  whether  the  effect  is  re-acted 
or  not. 


THE   CONTROL   OF   FUSIBILITY    IN   FRITTED 
GLAZES 

HOMER   F.   STALEV   AND  R.   J.    RILEY 

One  objection  to  the  use  of  ordinary  empirical  formnlK 
in  glazes  for  factory  work  is  that  they  do  not  provide  for  the 
substitution  of  one  chemical  for  another  in  such  a  manner  as  to 
keep  the  maturing  temperature  of  the  glaze  constant.  For  in- 
stance, we  know  that  if  we  substitute  o.io  equivalent  of  CaO 
for  O.IO  equivalent  of  PbO  the  glaze  will  be  more  refractory. 
But.  if  a  factory  is  co-ordinated  for  a  certain  glost  firing  tem- 
perature, the  manager  is  not  interested  in  a  change  of  glaze  com- 
position that  will  require  a  higher  fire.  What  he  wants  to  know 
is  how  he  can  substitute  CaO  for  part  of  the  PbO  in  his  glaze 
and  keep  the  firing  temperature  the  same. 

In  working  with  enamels  for  metals,  one  of  the  authors 
of  this  ])aper  evolved  a  system  of  empirical  physical  factors  for 
use  in  substituting  one  chemical  for  another  while  keeping  the 
fusibility  of  the  enamels  the  same  \  This  investigation  was  con- 
ducted to  see  whether  a  similar  system  would  give  satisfactory  re- 
sults in  fritted  glazes  for  clay  wares. 

Series  A.  As  a  startinj;-  ])oint  the  following  fritted  tin 
enamel  was  taken  :  — 


Frit: 


0.231    K.>0  \  ,  „.„ 

A,-     r^  I     1-44   SlOj 

0.142  \a,0  I  .,  ,-,  ^„     „V. 

r-  :\     ^0.24  A1,0..   >   0.284  B^Oj 

0.094  CaO     [         -+       -     ■   f  3   _-    ^ 

0,521  PbO  ) 


V     0.2S4    £►,! 

j  0.24  SnO, 


Glaze : 

i.o  frit  336-73  parts 

0.10  clay  25.80  parts 

0.60  flint  36.00  parts 


r«/.  xni.  p.  502. 
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In  this  series  all  substilntioiis  were  made  in  the  strong  flnxes 
in  the  frit.  The  hnlk  of  the  frit  was  kejit  constant,  but  an  amount 
corresponilins,'-  to  jo.^  poniuls,  melted  weight,  was  taken  as.  the 
variable.  In  the  original  frit,  this  26.4  pounds  wa.s  made  up 
of  soda  ash.  whiting  and  lead  oxide.  In  each  of  the  others,  this 
26.4  ponnds,  melted  weight,  was  supplied  as  one  fluxing  oxide. 
In  Tabk'  I.  are  shown  the  batch  weights  of  the  frits,  in  Table 
11  the  percentage  composition  (  calciilateil  1  of  the  melted  frits, 
ill  Table  111  the  empirical  formnhe  of  the  frits.  It  i.s  not  neces- 
sary to  re(hu-e  (he  glazes  to  percentage  composition  or  emjjirical 
forninke,  but  this  was  done  for  sake  of  comparison. 

Since  the  original  glaze  formula  called  for  25.8  parts  of 
clay  and  26  parts  of  flint  for  336.73  parts  of  frit,  these  propor- 
tions were  used  in  making  a  glaze  from  each  of  the  nine  frits. 
Of  course  the  batch  weights  and  percentage  composition  of  the 
melted  glazes  were  all  the  same  except  for  the  variable  part  of 
the  frits.  The  empirical  formukc  varied  decidedly,  as  shown  in 
Table  I\'. 

These  glazes  were  applied  to  ]jorous  while  biscuit  tile  and 
burned  in  oil-lired  ninl'llc  laboratory  kilns  to  cones  05.  02.  I  and 
3.  with  the  following  results: 

l'"usil)ility  :  .\s  far  as  could  be  judged  the  fusibilitv  of  all 
the  glazes  was  the  same. 

Texture:  With  the  exception  of  A5,  M.gO  glaze,  all  were 
bright  enamels  at  all  temperatures.  .'\5  had  a  dull  luster  near- 
ing  a  semi-mat. 

Crazing:      .Xone. 

Series  B.  in  this  series  the  frits  used  were  the  same  as 
those  in  Series  A ;  but  in  making  up  the  glazes  54  parts  of  pot- 
ash feldspar  were  used  in  place  of  the  36  parts  of  flint  used  in 
the  glazes  of  Series  A.  In  enamels  for  metals,  it  has  been  found 
that  1  >4  pounds  of  potash  feldspar  has  about  the  same  effect 
on  fusibility  as  i  pound  of  flint.  As  in  the  case  of  Series  A, 
the  batch  weights  and  the  percentage  composition  of  the  melted 
glazes  were  all  the  .same  except  for  the  variable  parts  of  the 
frits.    The  empirical  formul.t  of  the  glazes  are  shown  in  Table  \'. 
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When  these  glazes  were  applied  to  tile  and  burned  to  cones 
05,  02,  I  and  3  as  in  Series  A,  the  following  results  were  ob- 
tained :  — 

I'usibility.  The  same  tor  all  glazes,  and  very  slightly 
greater  than  that  of  glazes  in  Series  A. 

Texture.  All  are  dense  white,  bright  enamels  except  B6,  a 
iiaC)  glaze.  B6  is  a  silky  mat  at  cones  05-02.  and  a  semi-mat 
at   cones    1-3. 

Crazing.     B3,  high  KJJ  glaze,  was  crazed  at  cone  05. 

Series  C.  The  frits  in  this  series  were  the  same  as  those 
used  in  Series  A  and  B,  except  that  the  feldspar  was  replaced 
by  flint  in  the  proportion  of  ijX  pounds  of  feldspar  to  i  pound 
of  flint.  The  batch  weights  of  the  frits  are  shown  in  Table  \T, 
liie  percentage  composition  (calculated)  of  the  melted  frits  in 
Table  \'ii.  and  the  empirical   formuhe  in  Talile  \'III. 

Since  in  making  these  frits  94.7  parts  of  flint  were  used 
ill  |)lace  of  142. 1  parts  of  the  feldspar  in  the  original  frit,  the 
liatch  weight,  melted,  of  the  original  frit  was  reduced  to  289.63 
parts,  (ilazes  were  made  from  these  frits  as  in  Series  A  by 
adding  25.8  parts  of  clay  and  36  parts  of  flint  to  289.63  parts 
of  frit.  Of  course  the  batch  weights  and  percentage  composi- 
tions of  these  glazes  differed  only  in  the  variable  part  of  the 
frits.  The  various  glazes  diflfered  from  the  corresponding  ones 
in  Series  .\  only  in  the  replacement  of  feldspar  by  flint  in  the 
frits.  The  empirical  formuhe  of  the  glazes  are  shown  in 
Table  IX. 

The  results  obtained  on  tlie  samjile  tiles  were  as  follows:  — 

i'"iisil)ility :  Cio,  Cii,  C12,  C18  are  about  equal  to  each 
other  in  fusibility  and  very  slightly  less  than  the  glazes  in  Se- 
ries .\.  The  fusibility  of  the  other  glazes  could  not  be  judged 
nil  ;uH-(iiint  of  variation  in  texture. 

Textine:  C\o.  smooth  glaze  with  intermingling  of  bright 
anil  mat  te.Kture  which  gives  a  beautiful  water-marked  effect. 
The  distinctness  of  the  marking  increases  with  heat  treatment. 
Ci  1,  C12  and  C18  are  bright  enamels.  C13.  C14  and  C15  have 
stony  textures.  C16  was  a  mat  at  cones  05-02.  and  a  semi-mat 
at  cones   1-3.     C17  was  a  semi-mat  at  all  temperatures. 
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Craziiifj:  C14  is  crazed  at  all  temperatures.  C16  and  Ci" 
at  cone  05. 

Series  D.  'J'lie  same  frits  were  used  in  this  series  as  in 
Series  C,  but  in  making  u])  the  glazes  54  parts  of  feldspar  were 
used  in  place  of  the  36  ])arts  of  flint  used  in  the  other  series. 
This  series  is  similar  to  series  P>  except  that  flint  was  used  in 
the.  frits  instead  of  feldspar.  The  empirical  formul<-e  of  the 
glazes  are  shown  in  Table  X. 

Fusibility :  All  the  glazes  are  equally  fusible  at  the  various 
cones  and  slightly  more  fusible  than  the  good  glazes  of  Se- 
ries C. 

Texture:  With  the  e.\ce])ti()n  of  r3i4,  MgO  frit,  all  are 
bright  enamels.     I)i4  is  a  semi-mat. 

(/razing:     None. 

Series  E.  in  niakiuL;  up  the  frits  fur  this  and  the  follow- 
ing series.  Uie  amount  of  the  variable  constitutent  was  increased 
l.y  taking  half  the  I'bO,  55.7  parts  melted,  from  the  constant 
part  of  the  frit  and  adding  this  amount  to  that  to  be  .supplied  by 
a  variable.  I-'eldspar  was  used  in  all  the  frits.  Thus  the  frits 
are  similar  to  those  in  Series  .\  and  !'.,  with  the  exception  that 
tile  amount  of  PbO  is  less,  ami  the  amount  of  variable  is 
greater.  The  high  AfgO  frit  could  not  be  made  to  run  and  so 
was  not  used.  The  high  B„0.,  frit  was  too  soluble  to  use.  Frit 
24.  high  I'bO,  is  a  du])licate  of  frit  8  used  in  Series  A  and  B. 
The  batch  weights  of  the  frits  are  shown  in  Table  XI,  the  per- 
centage composition  (calculated)  of  the  melted  frits  in  Table 
XII,  and  the  empirical  formula-  of  tiie  frits  in  Talile  XIII. 

(  Hazes  were  made  up  as  in  Series  A,  by  adding  36  parts  of 
Hint  ;in(l  25.8  parts  of  clay  to  336.63  parts  of  frit.  The  em- 
pirical  formuke  of  the  glazes  are  shown  in  Table  XI\'. 

I'usibility  :  The  various  glazes  are  equally  fusible  at  each 
heat  treatment,  the  fusibility  being  about  ec|ual  to  that  of 
Series  .\. 

Texture:  E  19  and  E  24  are  bright  enamels  at  all  tem- 
jieratures.  E  20  is  semi-mat  at  cones  02  and  bright  at  cones  1-3. 
E  21  is  immature  at  cone  05  and  a  pink  silky  mat  at  the  other 
temperatures.     E22  is  a  silky  mat  at  cones  05-02  but  a  bright 
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glaze  at  cones  1-3.     E  23  is  a  bright  enamel  of  low  luster  which 
improves  with  heat  treatment. 

Crazing:     K   19  and  E  20  are  ba<ll_v  crazed  at  all  tempera- 
tures. 
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Series  F.  In  this  series  the  same  frits  were  used  as  in 
Series  E.  Glazes  were  made  up  as  in  Series  B  by  adding  54 
parts  of  feldspar  and  25.8  parts  of  clay  to  336.63  parts  of  frit. 
The  empirical  formuhe  of  the  glazes  are  shown  in  Table  XV. 
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Fusibility :  The  glazes  are  all  of  equal  fusibility  at  the 
various  temperatures,  and  the  fusibility  is  about  the  same  as  that 
of  the  glazes  in  Series  B,  being  a  little  greater  than  that  of  Series 
A  and  F. 

Texture  :  F  19  and  F  24  are  bright  enamels.  F  20  is  a  semi- 
mat.     F  21  is  a  pink  silky  mat  at  cones  05-02  and  semi-mat  at 
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cones  1-3.  E  22  is  a  silky  mat  at  cones  05-1  and  a  bright  glaze 
at  cone  3.  E  23  is  a  bright  glaze  of  low  luster  at  cone  05  and  a 
silky  mat  at  cones  02-3. 

Crazing.    E  19  and  E  20  at  all  temperatures. 

Factors  for  Obtaining  Melted  Weights.  Feldspar,  flint, 
tin  oxide,  zinc  oxide,  litharge  are  calculated  as  not  losing  any 
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weight  in  melting.    To  get  the  melted  weight  of  the  other  chemi- 
cals, nniltiply  the  raw  weight  by  the  factors  indicated  below. 

Rv<\  lead .\  .974  ^  {'hO 

White  lead   .X  .863  =  PbO 

Uariiini  carlionatc   x  .78    =  RaO 

Soda  ash x  .58    =  .\a,.0 

Sodium  nitrate  x  .  365  =  XhoO 

Magnesium  carlionate   x  .48    ^  MgO 

liorax    X  .53    =  Xa„0,  2B.O., 

liorax \  .16    =  Xa,0 

Borax    X  .T^j    =  B^O. 

Pearl  ash,  calcined   x  .68    =  K^O 

Potassium  nitrate   x  .466=  K.O 

Whiting X  .56    =  CaO 

I  Joric  acid    x  .  548  =  I'-.O.. 

Factors  for  Obtaining  Raw  Weights.  W'c  assume  that 
the  raw  and  meltctl  weights  are  the  saiue  for  feldspar,  flint,  tin 
oxide,  zinc  oxide,  litharge.  To  get  the  raw  weight  from  the 
melted  lit   the  others  we  use  the  factors  indicated  below: 

1  'b( )   X  1 .023  =  Red  Lead 

PbO X  1 .  158  =  White  I-ead 

BaO X  1 .287  =  BaCO,, 

\a,0   X  1 . 724  =  XaoCOa 

Xa,0  X  2 .  74    =  Xa'xO,, 

Na.jO  from  Borax.  ...  x  6.25    =  Borax 

B.O.,  from  P.orax.  ...  \  2.';      =  Borax 
Na,0,  B.O,  from 

Borax    x  1.9      =  liorax 

B.jO:,    : X  1 .  77    =  Boric  .\cid 

K.,0   X  1 .  47    =  Pearl  .\sh 

K„0   X  2. 15    =  Potassium  .Xitrate 

CaO   X  1 .  19    =  Whiting 

MgO    X  2.09    = -Mg  CO., 

Conclusions.  1.  The  results  of  this  investigation  indi- 
cate that  it  is  possible  to  develop  a  table  of  the  amounts  of  the 
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common  fluxes  and  refractories  having  equal  effect  on  fusibilit)' 
of  fritted  glazes. 

(a)  As  a  first  approximation  we  may  say  that  for  fairly 
large  variations  equal  melted  weights  of  K^O,  Na,0,  CaO,  Mg  O, 
ZnO,  PbO,  and  B^O.,  have  about  the  same  effect  on  fusibility." 

( b )  The  amounts  of  flint  and  feldspar  having  equal  hard- 
ening effect  must  be  determined  by  experiment.  In  this  work 
we  found  that  2/3  of  a  pound  of  flint  had  slightly  more  effect 
in  increasing  refractoriness  than  one  pound  of  feldspar. 

II.  The  extent  to  which  this  system  of  substitution  can  be 
employed  without  affecting  the  texture  of  the  glazes  must  be 
determined  by  experiment,  just  as  in  any  other  system  of  cal- 
culation. 

Incidental  to  the  main  investigation  we  noted  as  important 
points  in  the  eff'ect  of  composition  on  properties  of  our  fritted 
enamels  the  following. 

A.  High  feldspar  enamels  were  better  in  every  way  than 
high  flint  enamels,  being  more  opaque,  of  higher  luster,  and 
having  longer  heat  ranges. 

B.  High  lime  gave  enamels  that  were  decidedly  ])ink  in 
color. 


"  Cf,    Trans.  Atner.   Cer,   Soc,    I'd.   .\'/C.   page   640. 


NOTE  ON  OVERGLAZE  COLORS  AT  CONE  6-7 

V.V    IIKWITT    WILSON 

This  sliuly  arose  from  a  problem  in  yellow  and  white 
polychroming  on  terra  cotta.  It  was  necessary  to  glaze  with  two 
colors,  twenty-two  pilasters  and  other  ornamental  features 
amounting  to  about  five  hundred  and  forty  square  feet  face  of 
terra  cotta.  The  raised  ornamental  designs  consisting  of  mer- 
maids, flowers,  leaves  and  vases  were  to  be  white  with  a  back- 
ground of  yellow.  The  ornamentation  was  so  varied  that  one 
could  not  use  two  colored  glazes  covering  one  part  with  paper 
or  plaster  jiieccs  while  spraying  the  other  color.  We  have  used 
plaster  shields  on  running  courses  where  two  sets  of  parts  would 
work  on  all  pieces,  but  even  then  it  is  unsatisfactory  because  the 
glaze  breaks  and  tears  when  the  plaster  shield  is  removed.  Each 
piece  had  to  be  hand  touched.  We  do  not  know  any  air  brush 
which  is  so  constructed  thai  dust  will  not  float  oiT  and  cling  to 
surfaces  where  it  is  not  wanted,  or  when  it  does  give  a  very  fine 
spray,  it  takes  too  long  to  cover  any  amount  of  surface  with  suf- 
ficient thickness  of  glaze  so  that  the  color  will  be  unifomi  and 
not  mottled.  The  large  quantity  of  ware  made  the  method  of 
separate  jiainting  of  two  colored  glazes  with  a  hair  brush,  too 
costly.  This  gives  varied  shades  on  large  areas  due  to  thick  and 
thin  application. 

Overglaze  Coloring.  The  method  devised  consisted  of 
using  a  white  glaze  sprayed  in  the  regular  way  and  applying  the 
yellow  coloring  agents  in  an  overglaze  manner  to  the  necessary 
parts  alone.  After  spraying  and  when  dry,  the  pieces  were 
transferred  to  a  revolving  table,  and  the  yellow  overglaze  ap- 
plied with  a  tine  air  brush,  care  being  taken  to  coat  the  back- 
ground to  an  even  color  and  to  avoid  wetting  the  raised  orna- 
ment, 
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Yellow  C)\erglaze  "A" 

Roessler  and  Hasslacher's  L\G.  X(_).  83 

or  301   AI  Yellow  Stain 68.2  15 

Powdered  rutile    12. ~  5 

Uranyl,  sulphate  or  nitrate g.  i  2 


The  uranyl  nitrate  has  the  formula  L'O..  (.\(), ),.  61  L.O 
M.\\'.  503.26.  It  can  be  interchanged  with  uranvl  sulphate, 
UO.SO,.  3HX).  M.W.  421  .42. 

The  rutile  produces  the  main  body  of  the  color.  Alone,  it 
is  too  strong  and  dries  or  wrinkles  the  glaze  in  places  where  ap- 
plied heavy.  It  can  not  be  taken  into  solution  by  the  adjacent 
glaze  surface.  The  yellow  stain  is  bulky  and  dilutes  the  rutile 
color.  It  is  easily  absorbed  by  the  glaze,  but  when  used  alone  it 
produces  a  verv  faded  and  varying  yellow.  It  volatilizes  in  the 
soaking  heat  of  a  large  kiln,  tho  by  rapid  firing  in  a  small  kiln 
good  yellows  are  produced.  The  uranium  salts  being  soluble  soak 
into  the  dry  glaze  and  tie  the  insoluble  parts  of  the  yellow  stain 
and  rutile  to  the  white  glaze  beneath.  This  soluble  part  of  the 
overglaze  could  prol^ably  be  replaced  with  a  cheai)er  soluble  salt. 

Preparation  of  the  Overglaze.  .\fter  weii^hing  the  in- 
gredients, they  were  ground  together  in  a  mortar  with  15  cul)ic 
centimeters  of  water  per  gram  of  uranium  salt.  .\  variation  of 
water  causes  a  variation  in  the  proportion  of  the  soluble  salt  to 
the  insoluble  ingredients.  The  wet  mix  is  screened  thru  a 
three  hundred  and  fifty  mesh  sieve  with  a  gentle  brushing  by  a 
camel's  hair  brush.  Forcing  the  particles  thru  the  screen  is  bad 
for  the  wire  mesh  and  may  cause  clogging  in  the  delicate  air 
brush. 

Before  recharging  the  supply  of  overglaze  in  the  air  brush, 
the  reserve  supply  is  carefully  shaken  until  all  sediment  is  stirred 
up  from  the  bottom.  We  found  it  best  to  keep  a  supply  in  a 
pint  mason  jar  provided  with  a  lid  and  rubber  ring.  The  liquid 
should  be  screened  from  time  to  time  and  the  jar  washed  to  re- 
move dried  particles.     .\  few  drops  of  dilute  hydrochloric  acid 
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will  thin  a  thickened  slip.  A  small  aiuouiU  of  dissolved  gum 
arabic  will  cause  a  coagulation  which  will  block  the  air  brush  we 
used.  This  will  require  a  dissolving  of  the  gum  with  strong 
hydrochloric  acid. 

Cleaning  and  Firing.  The  ovcrglaze  dries  quickly.  With 
the  use  of  a  stiff  brush  the  yellow  dust  is  removed  from  the 
white  raised  ornamental  figures.  The  gum  arabic  in  the  white 
glaze  hardens  the  glaze  when  dry  and  permits  rough  brushing  in 
removing  the  dust.  The  pieces  were  set  in  the  usual  manner 
with  the  other  ware  in  a  terra  cotta  muffle  kiln  and  fired  to  cone 
6-7.  Care  must  be  taken  to  allow-  no  fingers  to  touch  a  yellow 
surface.  \'ery  few  pieces  were  marred  in  this  v^ay.  However, 
by  res])raying  the  yellow  overglaze  on  the  finger  marked  places 
and  then  rehurning  the  blemish  is  totally  removed. 

Tlie  extra  w'ork  was  that  of  one  man  working  eighteen  days 
at  three  dollars  ])er  dax.  The  live  hundred  and  forty  square  feet 
of  terra  cotta  had  fifty- four  dollars  of  e.xtra  time  plus  tw-elve 
dollars  of  material  spent  upon  them,  totalling  si.xty-six  dollars 
and  gave  each  square  foot  an  additional  cost  of  twelve  and  two- 
tenths  cents. 

Air  Brush.  The  fine  air  brush  used  in  this  overglazing 
was  Xo.  D-2-1427  of  the  Paasche  Air  Brush  Company,  Chicago. 
I'.}-  proper  adjustment,  one  can  either  spray  a  line  one-quarter 
inch  in  width  or  cover  an  area  five  inches  in  diameter  with 
spray.  However,  dust  flies  in  either  case,  and  it  must  be  ac- 
counted for.  .\  brush  giving  a  heavier  spray  than  this  can  not 
I)c  useil  with  this  overglaze  as  it  will  wet  the  raised  ornaments 
with  the  solution  of  uranium  salts.  The  insoluble  salts  can  be 
brushed  off  leaving  an  undiscolored  white,  but  if  the  surface  is 
wet  there  will  be  yellow  discoloration  from  the  soluble  portions 
of  the  stain.  A  larger  brush  and  an  overglaze  of  all  insoluble 
ingredients  could  be  used  with  alcohol  and  glycerine  as  the  fluid 
medium.  Or  one  coloreil  glaze  could  be  used  over  another,  but 
in  this  case  there  is  more  material  to  remove  from  the  raised 
portions,  and  crow-footing  and  cracking  of  some  glazes  may  be 
caused  liecause  of  too  heavy  a  coating  of  the  two  layers  of  glaze. 
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Other  Overglaze  Colors.  Pink,  Rose  and  Tans :  Use  a 
common  chrome-tin  pink  satin  in  place  of  the  yellow  overglaze 
"A"  given  above.     Griffen's^  pink  stain  No.  2  is  suggested. 

Pink  Stain  Xo.  2. 

Tin  oxide    47  •  o 

Whiting   23 . 5 

Potassium  dichromate 6.0 

Flint 23 . 5 


This  must  not  be  sprayed  very  heaw  as  the  high  tin  content 
renders  solution  by  the  underglaze  difficult.  To  preve'nt  a  dust- 
ing of  the  overglaze  after  the  piece  is  cleaned,  spray  a  thin  solu- 
tion of  gum  arable  over  the  surface.  This  will  dry  and  harden 
so  that  the  glaze  can  be  roughly  handled.  However,  the  base 
glaze  must  always  have  gum  arable  in  it.  as  the  soaking  action 
produced  in  spraying  the  overglaze  or  the  gum  solution  will  cause 
the  base  glaze  to  crack  and  curl,  producing  crowfeet  during  burn- 
ing. 

Good  colors  are  produced  by  Iilending  the  pink  and  yellow 
stains.  These  range  from  yellows  thru  tan  yellow,  yellow  tan, 
light  browns,  pink  browns. to  pink  shades. 

A'iolet :  —  A  violet  is  produced  by  lilending  Griften"s  No.  2 
])ink  stain  and  Griffen's  blue  Xo.  I  stain  found  on  ]:iage  ~,/. 

China  clay 40 

Zinc  o.xide   20 

Flint 10 

Xitrate  of  so('a 10 

O.xide  of  cobalt 20 

100 
Use  four  parts  of  the  pink  to  one  of  the  blue. 
Browns :  —    In  trying  to  get  a  green  ornament  with  a  yellow 
background  for  only  a  few  pieces  of  terra  cotta  we  used  the  yel- 
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low  overglaze  "A"  adjoining  a  chrome  green  glaze.  The  burned 
yellow  background  was  much  browner  than  usual.  Being  a  good 
shade  of  yellow  brown  we  wished  to  duplicate  it.  Assuming  that 
the  browning  was  due  to  chromium  fumes,  we  added  green  stain 
No.  14  to  the  yellow  overglaze  producing  the  desired  shade  with 
ninety-six  parts  yellow  to  four  parts  green  stain.  The  stain  is 
Stull's-  green  stain  Xo.   14. 

Xo.   14  (jrecn  Stain. 

Chroniinin   (j.xidc    "2.7 

Cobalt  o.xide 0.6 

Flint  24 . 4 

Bora.x 2.3 


100. o 


Green: —  .Most  all  chromium  green  glazes  burned  to  cone 
6-7  in  a  large  kiln  lose  their  grass  green  color,  and  the  best 
development  is  a  yellow  green.  A  good  green  color  was  gotten 
over  mat  glaze  T  13.  using  a  combination  of  yellow  and  blue 
colors. 

T.13. 

Flint  13.5 

Feldspar 42 .  o 

Whiting 18.9 

Zinc  o.xide 6.1 

China  clay   9.7 

Ball  clay 9.8 


.222  KjO  ] 

.556  CaO   }     .445  ALO,     2.44  SiO., 

.222  7.nO  J 

For  green,  use  two  jiarts  GrifFen's  blue  stain  Xo.  i  and  one 
part  uranyl  nitrate.  With  each  gram  of  the  soluble  salt  use  fif- 
teen cubic  centimeters  of  water.     Witli  some  glazes  the  uranium 


■Briclt   and   Clay   Record,   p.lgc  819. 
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can  not  balance  the  blue,  and  a  stronger  yellow  is  needed.  In 
glazes  of  the  type  of  the  above,  uranium  gives  strong  yellows 
ranging  into  yellow  greens  when  concentrated.  Yellow  stain 
"A"  having  rutile  as  its  base  gives  browns  instead  of  greens 
when  mixed  with  blue  stains. 

The  above  is  but  a  small  number  of  the  innumberable  colors 
and  shades  which  may  be  developed  for  this  single  tire  overglaze 
work.  It  is  possible  that  these  and  many  other  stains  could  be 
used  over  lower-heat  glazes  at  lower  temperatures  and  better  and 
more  brilliant  colors  produced. 

Conclusion.  This  is  but  a  suggestion  for  the  developing 
of  the  body,  the  glaze  and  the  overglaze,  all  in  one  burn.  Per- 
haps it  should  not  be  called  overglazing,  which  means  decorating 
with  colors  in  a  second  burn.  This  is  merely  adding  the  coloring 
oxide  to  that  part  of  the  piece  needing.it.  Akin  to  this  is  the 
painting,  of  soluble  metallic  salts  into  parts  of  an  ornamental  de- 
sign requiring  the  same.  Spraying  soluble  salts  gives  blurred  out- 
lines to  a  design  on  account  of  the  side  spray  which  can  not  be  re- 
moved from  the  dry  glaze.  Pleasing  shading  and  blending  effects 
with  the  spray  of  one  or  more  soluble  salts  are  easily  obtained. 

In  underglaze  work,  during  the  firing  period,  the  color  is 
either  absorbed  by  the  underslip  or  body,  or  dissolved  in  the  glaze 
above.  In  the  overglaze  method  given  above,  the  coloring  mat- 
ter is  incorporated  in  the  upper  surface  of  the  glaze  but  is  not 
dissolved  enough  to  give  the  same  action  as  if  a  corresponding 
percent  of  stain  had  been  ground  and  thoroughly  mi.xed  with  the 
glaze.  In  low-heat  overglazes,  a  lower  burning  glaze  is  applied 
over  a  higher  burning-  one  already  fired,  and  the  temperature 
raised,  not  to  the  melting  point  of  the  base  glaze,  but  only  until 
the  overglaze  melts  and  ties  into  the  former.  In  this  case,  only 
the  lower  surface  of  the  overglaze  is  affected  by  the  base  glaze, 
and  the  bulk  of  it  is  allowed  to  retain  its  individual  color.  If 
the  temperature  is  raised  until  the  base  glaze  starts  to  melt,  the 
resulting  color  is  the  blend  of  the  two  glazes  —  a  diluting  of  the 
overglaze,  and  the  changes  accompanying  the  pyrochemica!  union 
of  the  ingredients,  such  as  the  action  of  zinc  on  chromium. 

This  single  fire  method  for  developing  both  glaze  and  over- 
glaze is  used  in  producing  the  old  ivory  finishes  in  pottery  work. 
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i'.\    liuMi.N   |-.  sr.\i,i:s    AM)  L.  (.   iii-.wiri.  ami;s.   kiwa 

.\  large  iiuniher  of  ijrticles  dealing  with  raw  lead  glazes  has 
been  contrihuU-d  lo  ilic  Transactions.  A  partial  list  of  these  are 
given  at  the  end  of  this  article.  In  this  investigation,  it  was  onr 
aim  to  co\er  the  held  of  raw  lead  glazes,  liy  rather  large  jninps. 
deleniiine  the  areas  of  good  hright  and  mat  glazes,  and  to  cal- 
culate the  cost,  f(n-  material,  of  these  glazes.  To  a  manufacturer 
using  large  ipiantities  of  a  glaze,  it  is  not  enough  to  know  that 
he  has  a  good  glaze,  lie  wishes  to  know  also  that  this  glaze  is 
the  cheapest  one  that  can  he  produced  for  his  i)nrposes. 

There  are  hve  ingredients  commonly  used  in  raw  lead  glazes: 
fcl(ls|)ar,  white  lead,  whiting,  clay,  and  Hint.  Our  glaze  series 
were  constructed  of  s<i  called  "equivalents"  and  "molecules"  of 
these  chemicals.  The  e(|ui\alent  weight  of  white  lead  used  was 
-'58,  one-third  of  the  uioleci'.lar  weight  and  yielding  one  PbO. 
I'Diu-  e(|uivalent  ratios  of  feldspar  to  PbO;  0:10,  2:8,  4:6,  6:4 
were  chosen  as  the  basis  for  the  various  series.  To  these  two  in 
e.ich  (pf  these  ratios,  whiting  was  added  in  such  quantity  that 
when  the  l\( )  of  the  glaze  formula  was  reduced  to  unity,  the 
C'aO  would  constitute  0,0,  0.2.  or  0.4  of  the  total  RO.  the 
feldspar  and  I'bO.  of  coiu\se,  remaining  in  the  same  ratio  to  each 
other.  The  twelve  combinations  of  RO  bearing  minerals  thus 
obtained  can  he  shown  either  on  a  triaxial  fliagram  or  on  a 
rectangular  chart  as  in  l'"igure  1.  To  each  of  the  twelve  com- 
binations, cla_\'  was  added  in  amoiuits  of  0.\.  0.2.  and  0.3 
equivalents,  giving  36  glazes.  To  each  of  these  36  glazes,  flint 
was  added  in  amounts  of  0.3  and  i.o  equivalents,  giving  an  ad- 
ditional /2  glazes. 

The  numbers  assigned  to  the  glazes  are  a  ke_\'  to  their  ecpiiv- 

aleiit  composition.     Rea<Iing  from  left  to  right,  the  first  number 

indicates   the   tenths   of   an    e(|uivalent    of   clay;   the   second   the 

tenths  of  an  equi\alent  of  whiting  1  or  L';!0 )  ;  the  third,  the  first 

(I :.",;)) 
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half  of  the  equivalent  ratio  of  feldspar  to  PbO ;  the  fourth,  the 
equivalent  amount  of  flint.     Thus  number  226.5  is  composed  of 

0.2     clay 

0.2     whiting 

0.48  feldspar      ]   ratio  feldspar  to  PbO  6:4 

0.32  white  leac: 

o.s     flint 


id  j 


The  compositions  of  the  glazes  are  shown  in  several  forms 
in  Tables  I-A  to  IX-B.  In  actually  compounding  the  glazes,  we 
made  up  and  ground  those  that  would  come  on  a  parallelogram 
at  the  four  corners  of  the  o.i  clay,  the  o.i  clay  0.5  flint,  and  the 


T/?A/vs.y4A^  Ceff  See.  ^^ .  X/A" 


o 
o 


/.ol^^^aP  TomFi'ms        m/fe /eo^  Pi>i}' a'f  ~  o.£^ 

/Ii0^/^t7jes/0^  Coo  /&/^^<7A  ff.6  OJ6 

tM/fZ/Tf/,  070      0.0  0.<>0 

O.I  cla\-  O.I  flint  series.  The  corner  glazes  of  the  other  series 
were  made  by  adding  wet  ground  clay  to  these.  The  inter- 
mediate glazes  in  each  series  were  made  by  blending  the  corner 
ones. 

The  costs  of  these  glazes  are  shown  in  Table  X.  In  com- 
puting the  costs,  the  following  prices  per  pound  of  raw  materials 
were  arbitrarily  taken : 

White  lead   $  .07 

Feldspar    005 

Whiting 005 

Clay 005 

Flint 005 
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/^.M'S  A^  CSA^.SaC  yi?^  JC/A' 


Saierd  Hsmrr 


Ac. 

SA^P/P/CAl  £0/?M(/Ij4£ 

£0a/\Ml£A/T5 

/fAtV  BATCH                1 

ff^O 

CaO 

Pt!0 

/I^Oj 

S,Oe 

Fe/c/- 

U//!//e 
/ea4 

c/iiy 

/^//n/ 

/^/If- 

Wti/- 

m/Te 
/eae/ 

Oqy 

£/m/- 

0:/0 

/OO 

— 

— 

/.OC^ 

O./O 

0.20 

— 

— 

/OO 

O./O 

— 

— 

— 

2SB 

2S.e 

— 

/eo 

— 

0.J0 

0.80 

O./O 

0.20 

— 

020 

0.80 

O/O 

— 

— 

20 

206.4 

2S8 

— 

MO 

— 

0.40 

0.60 

O./O 

0.20 

— 

0.40 

0.60 

O./O 

— 

— 

40 

/S4.8 

2sa 

— 

B:e 

/0£ 

0.20 

— 

CSO 

OJO 

/.40 

.20 

— 

O.SO 

O./O 

— 

//I4 

— 

2064 

2S8 

— 

/^e 

0/6 

0.20 

064 

0.26 

//6 

./6 

020 

0.64 

a/0 

— 

89./ 

20 

/6S/ 

2S.8 

— 

I4B 

O./S 

040 

048 

0.22 

0.92 

./2 

0.40 

0.46 

a/0 

— 

66£ 

40 

7238 

2S.8 

— 

4:6 

104 

0.40 

— 

0.60 

O.SO 

260 

■  40 

— 

0.60 

O./O 

— 

22B£ 

— 

/S4.8 

2S.8 

— 

/B4 

0.32 

020 

0.43 

042 

2/2 

32 

0.20 

0.48 

0./0 

— 

/78.2 

20 

/238 

2S.8 

— 

/44 

0.24 

0.40 

0.36 

0.34 

/64 

.24 

040 

0.36 

a/o 

— 

/33.7 

40 

929 

^    - 

6:4 

/06 

060 

— 

0.40 

0.70 

JSO 

.60 

0.4O 

o/o 

— 

33^1 

— 

/03^ 

238^   — 

/^6 

0.4e 

0.20 

032 

0.58 

308 

48 

0.2O 

032 

o./o 

— 

2674 

20 

82S 

238 

— 

/46 

0.36 

0.40 

0.24 

046 

236 

.36 

040 

024 

a/o 

— 

2oas 

40 

6/9 

2S.8 

— 

TAB 

/i£// 

-  co/wp'cs/r/cA/  a£<57-4Z£s-  s£m£s  ^xx 

0. 2  £OC//VAi. £/7rO£ CCAY,  A^O /=Z/7/r 

11^ 

1^5 

T/O. 

£/HP//?.'C4/    f:-0/i'/4C/LA£ 

£C>u/yA/.£A/rs 

PAtv  3ATC//               1 

/f^O 

CaO 

P60 

AtO, 

S/Oj 

fe/c/- 
spar 

m//- 

W/r/r 
/eai3 

aaj 

/^7/n7 

fis/C/- 
spar 

'"3/ 

/eat/ 

aq/ 

£/m7 

0.70 

200 



— 

/.OO 

0.20 

0.40 

— 



/.OO 

.20' 



— 

— 

2S8 

S/.6 



220 

— 

010 

0.80 

0.20 

O.itO 

— 

0.20 

0.80 

.20 

— 

— 

20 

2064 

S/6 



240 



0.40 

0.60 

0.2O 

0.40 

— 

0.4O 

0.60 

.20 

— 



40 

/S4.8 

S/6 

— 

2:8 

202 

0.20 

— 

O.SO 

0.40 

760 

0.20 

— 

O.SO 

.20 

— 

///.4 

— 

2064 

S/.6 

— 

222 

0/6 

020 

0.64 

036 

/36 

0./6 

O.20 

064 

.20 

— 

89/ 

20 

/6S./ 

S/6 

— 

242 

0/2 

040 

0.48 

0.32 

/72 

0/2 

0.4O 

0.48 

.20 

— 

668 

40 

/23.S 

S/.6 

— 

4:6 

204 

0.40 

— 

060 

0.60 

2.SO 

040 

— 

0.6O 

20 

— 

222S 

— 

/S4.8 

3/6 

— 

2e4 

244 

032 

020 

0.48 

032 

232 

0.32 

0.20 

o.4a 

.20 

— 

/7S.2 

20 

/238 

S/6 

— 

0.24 

0.40 

0.36 

044 

2S4 

0.24 

0.4O 

0.36 

.20 

— 

7337 

40 

329 

S/6 

— 

6:4 

206 

060 

— 

0.4O 

O.SO 

4.00 

060 

— 

040 

.20 

— , 

3342 

— 

/032 

^l^LnJ 

^^6 

0.48 

0.20 

0.32 

0.68 

328 

0.48 

0.20 

0.32 

20 

— 

2674 

20 

82S 

s/6 

— 

246 

036 

0.40 

0.34 

O.S6 

256 

036 

04<! 

0.24 

.20 

— 

200.S 

40 

6/9 

S/6 

— 
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TABi-£///-  COMf^OS/r/O/^  or  <5A/iZ£5  -  5£'^/SS SXX 


\\^ 

No. 

^Mf'/ff/Oa^  fCI/i'/^fiJl^f 

^^L/zMir/^rs 

/S4n^  34rcf^           1 

^^0 

CaO 

PifO 

SOj 

5,0^ 

Fe/d- 

/ea:/ 

C/a/ 

ff/nf 

3/?ar 

mr//- 

/eai/ 

C/ay 

/^////r 

0:/0 

300 





/.OO 

030 

0.6O 



— 

/.OO 

0.30 





— 

2SS 

774 

— 

seo 

— 

0.20 

080 

030 

060 

— 

OJO 

0.80 

0.3O 

— 

— 

20 

206.4 

774 

— 

340 

— 

040 

0.60 

030 

0.60 

— 

0.40 

0-60 

0.30 

— 

— 

40 

/S43 

774 

— 

e:8 

3oe 

O.ZO 



0.80 

O.SO 

/.eo 

0.20 

— 

0.80 

0.30 

— 

J//.4 

— 

206.4 

77.4 

— 

3ee 

0./6 

0.20 

0.64 

0.46 

/S6 

0./6 

0.20 

0.64 

0.30 

— 

39./ 

20 

/6S/ 

774 

■  — 

34£ 

a/e 

0.40 

0.40 

042 

/32 

0/2 

0.40 

a43 

0.30 

— 

66.S 

40 

/23S 

774 

— 

4:6 

3oa 

0.40 

— 

0.60 

0.70 

3.0O 

0M> 

— 

0.60 

0.30 



211.8 

— 

/S4.S 

774 

— 

324 

oje 

0.20 

O^S 

0.62 

2.S2 

0.32 

o.eo 

0.4fi 

0.30 

— 

/7»2 

20 

/23.e 

774 

— 

344 

024 

0.40 

036 

0.S4 

J.04 

0.24 

o^o 

0.36 

030 

— 

/3J.7 

40 

929 

774 

— 

306 

a.6o 

— 

040 

0.9O 

4  20 

0.60 

— 

0.40 

03O 

— 

Xi4.2 

— 

/032 

7^4 

— 

6:4- 

3^6 

0.4^ 

0.20 

032 

0  78 

34e 

0.43 

0.20 

0.32 

030 

— 

2674 

20 

82.  S 

774 

— 

346 

0.36 

0.4O 

a24 

066 

2.76 

0.36 

0.40 

024 

0.30 

— 

20a6 

40 

6/& 

774 

— 

o.  /  epa/K  or  CIA  K  OS  /£2?^/K  or  rz/A/r 


/Va 

£Mr//?/c4i  /^o>^t^oiAr 

£'Oi7''^-4^£7^7'S 

r^yy  £3.471::'// 

/f^o 

CoO 

fi»o 

M^Oj 

s,o^ 

IM//'e 
/eai/ 

c/a/ 

/^/M/ 

7s/c/- 

h/f,/. 

070/ 

77.rrr 

0:/0 

/oo.f 

— 



/.OO 

o/o- 

0  70 





/OO 

o./o 

OS 

— 

— 

2S3 

2SS 

30 

/205 

— 

0.20 

0.80 

0/0 

070 

— 

0-20 

080 

0./0 

o.s 

— 

20 

2064 

2SM 

30 

/40S 

— 

0.40 

0  6O 

o./o 

070 

— 

O40 

0.60 

O./O 

OS 

— 

40 

/S48 

2S8 

30 

2:e 

/02S 

0.20 

— 

0.80 

0.30 

/.30 

0.20 



0-80 

O/O 

OS 

///.4 

— 

206.4 

2S.8 

30 

/22.S 

0/6 

0.20 

0.64 

0.26 

/.66 

0/6 

0.2O 

0.64 

O./O 

OS 

39/ 

20 

/AS./ 

2S.8 

30 

/42.S 

0./2 

0.4C 

0.4S 

0.22 

/.42 

0/2 

0.40 

0.48 

O./O 

OS 

66.8 

40 

/238 

2S.0 

30 

4:6 

/04£ 

0.40 

— 

0.6O 

0.30 

3./0 

0.40 

— 

0.60 

O./O 

o.s 

2228 

— 

/S4.8 

2S.8 

30 

/24.S 

0.32 

0.20 

0.48 

0.42 

2.62 

032 

020 

0.43 

o/o 

as 

/732 

20 

/23.8 

2S.3 

30 

/44.S 

0.24 

0.4O 

036 

034 

3/4 

024 

040 

0.36 

O./o 

O.s 

/3J7 

40 

929 

2S.8 

SO 

6:4 

/06.S 

0.60 

— 

0.40 

0.70 

4.30 

0.6O 

— 

0.4O 

o./o 

o.s 

3342 

— 

/032 

2S.0 

SO 

/26S 

0.48 

0.20 

0.32 

0.38 

3J8 

0,4S 

0.20 

0.32 

o./o 

OS 

2674 

20 

ff2.S 

2S.3 

30 

/46.6 

0.36 

0.40 

0.24 

0.46 

2.06 

0.36 

0.40 

0.24 

o./o 

OS 

ZOOS 

40 

6/9 

2S.g 

30 
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Of  course  the  cost  of  the  glazes  can  easily  be  recalculated   for 
any  other  set  of  costs  of  materials. 

The  glazes  indicated  as  Bristol  type  are  not  necessarily  good 
stoneware  glazes,  but  are  more  or  less  opaque  and  have  a  luster 
corresponding  to  that  of  glazes  ordinarily  used  for  stoneware, 
'i'here  is  a  possibility  that  such  glazes  might  be  used  in  art  pottery. 
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In  each  of  the  areas  plotted  all  of  the  glazes  were  not  equally 
mature,  or  of  et|ually  desirable  texture  and  luster.  The  plotting 
simply  indicated  that  these  glazes  fell  into  one  of  the  classes 
indicated.  In  many  cases  it  was  found  that  a  glaze  would  be 
mature  enough  at  a  low  temjierature  to  be  considered  a  good 
mat  or  Bristol  tyjie,  but  as  the  temperature  was  raised  it  would 
turn  into  a  slightly  immature  bright  glaze  containing  a  consider- 
able a^f^ount  of  pinholes  and  bubbles. 

Following  is  a  general  Summary  only  of  the  effect  on  texture 
of  variation  of  composition  and  temperature : 
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Variation  of  Lead  Oxide-Feldspar.  Rei)lacement  of  lead 
oxide  by  feldspar  in  equal  molecular  amounts  had  no  decided 
tendency  to  change  the  texture  of  the  glazes.  However  it  does 
tend  to  make  the  glazes  more  refractory.  Thus  in  making  this 
variation,  in  a  few  cases  we  went  from  bright  glazes  to  semi-mats 
in  which  the  dull  texture  was  plainly  due  to  the  immaturity  of 
the  glaze,  since  these  glazes  became  liright  when  the  heat  treat- 
ment was  slightly  increased. 

Variation  of  CaO.  When  \vc  increased  calcium  oxide  in 
the  KO.  keeping  the  remaining  lead  oxide  and  feldspar  in  the 
same  ratio  to  each  other,  the  glazes  became  more  refractory  and 
tended  to  become  semi-mat,  then  mat. 

Variation  of  Clay.  Increase  of  clay,  keeping  the  rest  of 
the  glaze  uniform,  made  the  glaze  more  refractory  and  tended 
to  increase  dull  texture. 

Variation  of  Flint.  Increasf  nf  tlint  made  the  glazes 
more  fusible  and  tended  to  produce  brighter  gloss.  Exception 
to  this  is  found  in  glaze  240  which  contained  no  flint  and  240.5 
which  contained  0.5  eq.  flint.  The  texture  of  240  was  mostly  dull 
mat,  but  there  were  little  rivulets  of  bright  surface  all  thru  it. 
Therefore,  we  classified  it  as  a  semi-mat.  The  texture  of  240.5 
was  that  of  a  typical  silky  mat. 

Variation  in  Temperature.  Increase  of  temperature 
tended  to  increase  the  area  of  bright  glazes,  centering  around 
the  high  lead  corner  of  the  plots,  and  to  push  the  area  of  imma- 
ture and  dull  finish  glazes  further  away  from  this  corner. 

The  bright  glazes  that  had  good  luster  and  were  free  from 
pin  holes  are  shown  in  Tables  XI  and  XII.  It  is  to  be  noted 
that  every  one  of  these  contained  some  flint,  the  few  that  were 
good  with  0.5  equivalents  being  satisfactory  also  with  i.o 
equivalents.  The  limit  of  the  amount  of  flint  that  could  be  added 
to  some  of  the  glazes  in  this  investigation  was  not  reached.  Xone 
of  the  glazes  containing  feldspar  were  good  bright  glazes  below 
cone  3.  The  jump  from  no  feldspar  to  0.2  equivalents  is  a 
large  one,  and  further  study  should  be  made  of  the  effect  of 
smaller  amounts  of  feldspar.  In  fact,  we  know  that  o.i  equivalent 
of  feldspar  can  be  used  in  bright  glazes  at  cone  05.  Two-tenths 
ef|uivalcnts  of  Ca  O  was  present  in  some  of  the  glazes  at  cones 
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05-1,  and  0.4  c(|in\alcnts  at  cone  3.     The  oxygen  ratios  varied 

from  r  :i.o7  to  1  -.2.^2. 

Using   our   cost    figures,    the   chea])est   bright  glazes    found 

were : 
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The  composition  and  textures  of  the  mats  developed  are 
tabulated  in  Taljlcs  .\  1 1 1  and  \l\'.  The  mats  classed  as  dull 
are  tyjiical  mats  of  immaturity  with  dull,  dirt-catching  surfaces, 
and  with  a  heat  range,  as  mats,  of  onlv  a  few  cones.  They  have 
no  distinguishing  point  in  composition.  This  type  of  mat  is  hard 
to  control  and  has  not  a  pleasing  texture.  The  advisability  of 
using  it  in  commercial  wt)rk  is  c|uestionablc. 
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The  watery  mats  have  rough,  apparently  crystalline,  struc- 
ture for  the  most  part;  but  interspaced  with  this  texture  are 
little  areas  of  bright  texture.  These  areas  are  below  the  line  of 
surface  of  the  mat  patches  and  have  the  appearance  of  being 
residual  mother-liquor,  left  by  the  crystallization  of  the  rest  of 
the  glaze.  The  points  in  composition  common  to  the  four  glazes 
showing  this  texture  is  the  presence  of  0.4  equivalent  of  Ca  O, 
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no  tlint,  and  not  over  0.2  equivalent  of  clay.    For  some  purposes 
the  texture  would  be  considered  artistic. 

The  two  mats  classed  as  visibly  crystalline  are  smooth,  the 
mat  texture  being  caused  by  a  net  work  of  line  crystals,  that 
are  visible  to  the  naked  eye.  These  glazes  are  both  high  in  clay 
and  contain  neither  feldspar  nor  tlint.  The  texture  would  be 
considered  good. 
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riie  glazes  classed  as  silky  mats  are  smooth  "soft"  textured 
mats  which  do  not  retain  dirt  nibbed  on  the  surface.  (Hazes 
300.5  to  322.5  have  0.3  equivalent  of  clay  and  0.5  equivalent  of 
flint  in  common  and  not  over  0.2  equivalent  of  Ca  O.  They  are 
closely  related  in  composition  to  those  classed  as  visibly  crystal- 
line, (jlazes  247.5  'i''"^!  340.5  lie  in  composition  between  the 
other  silky  mats  and  watery  mats.  The  silky  mat  is  the  one  most 
sought  by  glaze  makers.  The  te.vtures  of  240.5.  300.5,  320.5 
and  340.5  are  especially  good.  It  is  noteworthy  that  none  of  these 
contains  feldspar. 

A  study  of  the  comjjositions  of  the  true  mats  developed  in 
this  investigation  leads  to  the  conclusion  that  the  mats  commonly 
designated  as  "lime-alumina"  consist  of  two  distinct  classes : 
those  high  in  lime,  and  those  high  in  clay.  Of  course  a  whole 
series  of  mat  compositions  can  be  made  b\'  blends  of  these  two 
types. 

I.ca\ing  (inl  of  consideration  all  the  dull  mats,  in  other 
words  mats  of  immaturity,  the  cheapest  mats  developed  were: 

Cone  05,  Xo.  320.5,  silky  texture 
Cone  02,  No.  320.5,  silky  texture 
Cone  I,  No.  322.5,  silky  texture 
Cone     3,  No.  322.5,  silky  texture 

The  chea])est  mats  of  especially  good  silky  texture  were : 

Cone  05,  No.  320.5 
Cone  02.  No.  320.5 
Cone  I,  No.  240.5 
Cone    3,  No.  340.5 

The  cheajiest  watery  luats  were: 

Cone  05,  No.   140.5 
Cone  02,  No.  142 
Cone     I,  No.  242 
Cone     3,  No.  242 
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PA-RTIAL  LIST  OF  ARTICLES  DEALING  WITH  RAW  LEAD 
GLAZES   IN   THE   TRANSACTOINS 

Monosilicate  Glazes  By  C.  F.  Binns,  p.  151.  Vol.  II 

Alumina  and  Silica,  Permissible  Variation  of.  in  Raw  Lead  Glazes 

By  W.  M.  Fickes,  p.  82.  Vol.  Ill 
Greens  from  Cupric  Oxide 

By  F.  W.  Walker,  p.  27S,  Vol.  IV 
The  Development  of  the  "Matt"  Glaze  By  C.  F.  Binns,  p.  .")(i,  Vol.  V 

Coefficient  Equivalents  By  S.  G.  Burt.  p.  123.  Vol.  VII 

A  Comparative  Study  of  Cornwall  Stone  and  Feldspar  in  Raw  Lead 

Glazes  By  L.  B.  Coulter,  p.  :r.ii.  \'ol.  VII 

Spitting  Out.  A  Phenomenon  of  the  Decorating  Kiln 

By  R.  G.  Cowan,  p.  4i):i,  Vol.  IX 
A  Study  of  a  Type  of  Mat  Glaze  Maturing  at  Cone  2-4 

By  Edward  Orton,  Jr..  p.-  -'ilT.  Vol.  X 
Mat  Glazes  By  F.  H.  Rhead,  p.  l-',7.  Vol.  XI 

Mat  Glazes  By  Ross  C.  Purdy.  p.  671.  Vol.  XIV 

A  Theory  for  the  Cause  of  Matness  in  Glazes 

By  F.  K.  Pence,  p.  fi82.  Vol.  XIV 
Microscopic  Examination  of  Twelve  Mat  Glazes 

By  Homer  F.  .Staley.  p.  001.  Vol.  XIV 
Mat  Glazes  By  F.  K.  Pence,  p.  41.'!.  Vol.  XV 

Notes  on  the  Cause  of  Matness  in  Glazes 

By  A.   R.   Heuback,  p.  5.01,  Vol.   XV 
Notes  on  Mat  Glazes  By  A.  P.  Potts,  p.  628.  Vo].  XV 

A  Study  of  the  Relations  Between  Fusibility  and  Heat  Range  in 

Glazes  By  Homer  F.  Staley,  p.  (m.  Vol.  XV 

Roofing  Tile  Slips  and  Glazes 

By  E.  T.  Montgomery  and  C.  F.  Tefft,  p.  144,  Vol.  XVI 
The  Effect  of  Variation  of  RO  Elements  upon   Chromium   Oxide  as 

a  Coloring  Agent  in  a  Mat  Glaze       By  R.  H.  Minton.  p.  248.  Vol.  XVI 
Oxide  of  Lead  Versus  Carbonate  of  Lead  in  Glazes 

By  A.  S.  Watts,  p.  474.  Vol.  XVII 
Galena  and   Lead-Bearing  Waste  Materials  as  Glaze  Ingredients 

By  J.  Miller,  p.  779,  Vol.  XVII 
Ceramic  Engineering  Laboratories, 
Iowa  State  College 

DISCUSSION    SUBMITTED   AFTER   READING   PAPER 

Mr.  Purdy:  A  study  of  table  No.  I2,  of  good  bright  glazes, 
shows  that  with  his  calculations  the  glazes  with  sufficient  heat 
range  as  to  be  commercially  advisable,  range  from  4.7c  to  5.8c 
per  pound  raw.  Of  the  seven  glazes  that  are  bright  over  the 
heat  range  of  cones  05  to  3  inclusive,  the  average  cost  is  5c. 
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<)f  tlie  matt  glazes  those  he  styles  as  watery  range  from 
3,ijc  to  6.2C  per  pound  raw,  with  an  average  of  3.9c.  Those 
he  styles  as  visiljle  crystalline  range  from  5.5c  to  4.9c  average 
5.2c.  Those  he  styles  as  being  silky  range  from  3.3c  to  5.1c 
with  an  average  of  4.01c  per  pound. 

It  will  be  noticed  that  these  costs  per  pound  of  raw  glaze 
are  near  the  ma.ximuin  cost  of  all  of  the  glazes  he  tested.  These 
are  the  glazes  he  found  to  be  good  over  a  long  heat  range. 

.\'()  glaze  is  cheap  if  it  has  not  sufficient  range  in  all  prop- 
erties to  meet  the  varying  conditions  of  manufacturing,  since 
the  materials  used  are  such  a  nn'nor  ]jart  of  the  total  cost  of 
ware  and  since  the  loss  of  the  ware  carrying  one  ton  of  raw 
glaze  would  pay  for  several  tuns  of  glaze.  The  most  inexpen- 
sive glaze,  irres])ective  of  original  cost,  is  that  one  which  gives 
good  results  o\er  the  ma.xinnini  range  of  variation  in  the  given 
manufacturing.  It  is  ne\er  a  cjuestion  of  original  cost  of  glaze 
but  the  minimum  loss  of  ware. 

Mr.  Stalcy:  What  Mr.  I'urdy  says  is  obviously  true.  In 
this  work  we  iiad  no  ax  to  grind  —  no  pet  theory  to  uphold, 
and  are  therefore  satisfied  with  whatever  conclusions  can 
legitimately  be  drawn  from  the  data.  We  believe  however  that 
this  investigation  will  help  users  of  raw  lead  glazes  to  find  the 
glaze  that  will  give  them  the  minimum  loss  of  ware  with  the 
least  cost   for  glaze  materials. 


INVESTIGATION   OF  THE  TERNARY   SYSTEM 
WILLEMITE-TEPHROITE    SODA    GLASS  ' 


The  oliject  of  this  work  was  to  study  microscopically  those 
types  of  crystals,  separating  from  a  silicate  fusion,  which  are 
used  in  the  production  of  ceramic  crystalline  glazes,  to  deter- 
mine their  optical  properties,  and  what  relation  of  igneous  solu- 
tion to  sei)arated  crystals  is  most  conducive  to  their  [)ro(luction. 

Most  of  the  cr)-stal  glazes  described  in  the  Transactions 
of  the  American  Ceramic  Society  have  been  from  glazes  con- 
taining zinc  in  the  RO  and  a  small  amount  of  TiO^  included 
with  the'  silica.  Chas.  Lanth,  1879,  reports  crystals  in  a  glaze 
produced  by  adding  ZnO  alone  to  a  developed  glaze.  He  speaks 
of  them  as  small  crystals  of  the  silicate,  or  more  likely,  the 
oxide.  Clement  of  Copenhagen,  i8yS,  describes  the  production 
of  crystals  on  hard  ]xircelain  by  the  application  of  a  second 
glaze  of  SiO.  +  ZnO.  He  claimerl  the  crystals  were  willemite. 
^'ogt  also  considers  the  crystals  to  be  willemite.  He.  however, 
used  rutile  in  his  glazes. 

Zimmer  -,  in  1902,  described  his  attempts  to  produce  cry- 
stal glazes  by  using  zinc  oxide  and  silica.  He  concluded  that 
TiOj   was  necessary   to  the  production   of  good  crystal  glazes. 

Stull  ■•  divides  crystal  glazes  into  two  classes :  — 

(  I  )  —  Those  in  which  crystallization  is  produced  by  su- 
persaturation,  or  the  separation  of  a  di'ssolved  oxide  by  de- 
crease in  temperature  ;  (  2  )  —  those  in  which  the  entire  mass  has 
a  crystalline  structure  including  mats,  and  radial  or  crystal  ag- 
gregate structure. 

He  also  states  (  i  )  —  that  elements  with  low  atomic  weight 
in  the  RO  show  the  strongest  crystallizing  tendency,  while  those 
of  high  molecular  weight  impart  a  glassy  nature  to  the  silicates; 

>  Review    of    a  thesis    done    in    nartial    fulfillment    nf    the    requirements    for    the 

degree  of  Master  of  Art  at  Ohio  State  University. 

■'Trans.    Amcr.  Cer.    Soc,    Vol.    IV,    p.   43. 

^  Trans.   Amcr.  Cer.   Soc,   I'd.    VI.  p.    186. 

(674) 
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(2)  — those  elements  in  tlie  at'id  radical  of  hif^iier  atomic  weight 
( silica,  uranium  and  phosphorous )  are  the  best  crystallizing 
agents  while  lower  ones  impart  a  fluidity  which  is  detrimental 
to  the  production  of  crystals.  He  chooses  a  glaze  correspond- 
ing to  a  metasilicate  and  changes  his  RO  to  fit  conditions.  He 
obtained  his  best  results  from  a  glaze  of  the  formula  R,O.R203.6 
acid.  The  ordinary  mat  glaze  has  a  formula  which  is  more  com- 
plex, one  which  would  place  it  between  disilicate,  and  ortho- 
silicate.  A  mat  glaze  will  often  reveal  two  or  more  crystalline 
forms  belonging  to  two  or  more  crystallizing  groups  or  systems. 

Riddle'  produced  zinc  crystals  without  using  TiOo  by  heat- 
ing the  glaze  to  maturity,  cooling  rapiflly  to  cone  oio  and  hold- 
ing at  this  temperature. 

I'urdy  and  Krehbiel ''  arrived  at  the  following  conclusions: 

(I) — Of  the  two  alkalies,  potash  and  soda,  the  latter  in 
every  case  was  the  most  conducive  to  the  development  of  cry- 
stals. The  crystals  in  the  soda  matrix  were  not  only  the  largest, 
but  had  the  most  pleasing  habits  of  growth  and  grouping. 

(2) — The  proportion  of  zinc  and  alkali  most  conducive 
to  the  development  of  crystallization  in  every  case,  save  that  of 
glazes  high  in  titanic  acid,  was : 

.T,7.nO       )  \     .fiZnO 

.jKXaO    j       '"       1     .4KXa() 

(3)  — Manganese  oxide  had  1)\-  far  the  greatest  crystalliing 
tendency  producing  crystals  not  only  large  but  also  of  surpris- 
ing habits  of  growth.  Zinc  oxide  had  a  tendency  to  produce 
large  crystals  in  local  areas,  as  though  the  cry.stallizing  sub- 
stance had  segregated.  Titanic  acid  jiroduced  small  but  evenly 
distributed  crystals. 

(4)  — The  character  and  shajies  of  the  crystals  induced  by 
the  manganese  cann.n  be  adequately  described.  The  globular 
growths,  that  under  the  microscope  were  handsome,  produced 
en  masse  an  efifect  that  was  anything  but  pleasing.  The  con- 
centric growth  with  the  delicate  sjiiral  lines  in  lighter  tints  were 
superb  and  later  fawn  eftect  crystals  were  very  beautiful. 

•  rru,u.    Amer.    Ccr.    Soc,    Vol.    VIII. 
'  Trans.   .I.iur.    Ccr.  Soc,   Ko/.  IX. 
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(5) — Limits  of  oxygen  ratio  permissil^le  were  not  estab- 
lished. Results  would  indicate  that  an  O.  R.  of  i  to  2.8  is  bet- 
ter suited  to  the  development  of  crystalline  glazes  tlian  i  :4,  as 
used  in  the  present  practice. 

Rand  and  Schurecht "'  report  the  production  of  good  cry- 
stals from  the  glaze 


.3X3,0 
.65ZnO 
.OTCaO 


.05  AlA;    (1-8  SiO, 
.30  B._,b,     I  0.2  TiO, 


maturing  at  cone  4.  TiO,,  produces  smaller  crystals  but  a  finer 
network  of  them. 

Klein  and  Brown  '  report  the  occurrence  of  three  types  of 
at  crystals  in  the  system  Xa,0,  ZnO  and  SiO,,.  one  at  90  per- 
cent SiO,.  10  percent  ZnO ;  one  at  10  percent  ZnO,  50  percent 
Xa^O,  40  percent  SiOo ;  and  the  last  at  60  percent  ZnO,  40  per- 
cent SiOj,  corresponding  to  three  types  of  crystal  structures, 
—  glassy,  mat  and  crystalline.  In  the  mat  and  crystalline  melts, 
the  zinc  orthosilicate  corresi^onding  to  the  mineral  willemite 
separates  out. 

As  it  was  desired  to  study  this  field  from  a  mineralogical 
standpoint,  we  decided  to  recalculate  Purdy's  field  on  the  basis 
of  mineral  content,  and  to  make  up  a  ternary  field  of  soda  glass, 
willemite  and  tephroite  (manganese  orthosilicate). 

^^'illemite  as  it  is  found  in  nature  contains  as  high  as  12.59 
percent  manganese  in  the  variety  known  as  troostite.  Dana  *, 
under  composition,  says:  "Manganese  often  replaces  a  con- 
siderable part  of  the  zinc,  and  iron  also  is  present  in  small 
amounts."  His  analyses  range  from  .37  percent  to  12.59  P^i"" 
cent  manganese  in  the  naturally  occurring  mineral. 

In  tephroite,  the  orthosilicate  of  manganese,  we  find  a  simi- 
lar condition.  Dana "  in  his  analyses  gives  the  range  of  zinc 
from  .27  to  1 1. 61  percent.  Rhodonite,  the  triclinic  metasilicate, 
shows  the  same  characteristics. 

«  Traiij.  Amer.  Cer.  Soc.   Vol.  ATI.,  p.  .145. 

-Trans.  .4mer.  Cer.  Soc,   Vol.  XVII.  p.  461. 

s  Dana  System  of  Mineralogy,  p.  461. 

3  Dana   System  of  Mineralogy,   p.    4. 
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Since  tlie  occurrence  of  these  minerals  indicates  that  one  is 
capable  of  dissolving  a  certain  amount  of  the  other,  one  would 
expect  a  curve  of  partially  miscible  liquid.  The  two  minerals 
do  not  crystallize  in  the  same  system,  and  complete  isomorphism 
would  not  be  present.  Chemical  analyses  would  have  to  be 
made  on  the  crystals  formed,  or  changes  in  their  optical  prop- 
erties noted,  in  order  to  determine  the  extent  of  mutual  .solu- 
bility. 

The  curves  shown  in  I'^igures  i  and  2  ^how  the  recalcula- 
tion of  Purdy's  field  of  ZnO  .  Si()_,  .  .\a.,(  ).  and  MnO  .  SiO,Xa, 
glazes,  as  percentage  mineral  in  a  certain  glass.     The  molecular 

.Si(X 

ratio is    pluttcd    as    the    abscissa    and    the   percentage    of 

Xa,,(  ) 

urthosilicate  present  as  the  ordinate.  (Jn  these  cur\-es  Klein's 
l)est  glazes  have  been  located.  In  both  the  zinc  orthosilicate 
and  the  manganese  orthosilicate  the  largest  proportion  of  good 
glazes  lay  within  a  circle  whose  center  corresponds  to  a  glass 
of  the  formula  XaoO.2.5  .SiO^,  while  Klein's  corresponded  to 
Xa20.2SiO,.  As  Klein's  conditions  more  closely  duplicated 
those  of  the  present  work  it  was  decided  to  use  Xa._,0 . 2SiO.,  as 
the  third  component  in  the  system,  i'igvire  3  shows  the  held 
covered. 

The  three  corner  members  were  |)re[jared  synthetically, 
and  fused  to  a  glass  in  tire  clay  crucibles  in  a  gas-air  pot  fur- 
nace, and  quenched  in  water.  They  were  melted  to  remove  as 
far  as  possible,  all  crystalline  materiar before  the  other  batches 
were  made  up.  Under  the  microscope  tlie  willemite  glass 
showed  a  few  crystals  which  correspond  t)ptically  to  the  min- 
eral willemite.  The  tephroite.  however,  showed  crystallization 
of  a  mineral  which  agreed  more  nearly  with  the  metasilicate 
rhodonite. 

The  melts  were  then  analyzed  for  their  individual  com- 
ponents, to  determine  the  loss  by  volatilization.  ZnO  in  the 
willemite,  which  shoidd  have  been  73  percent,  was  59.6  per- 
cent ;  MnO  in  the  tephroite  should  have  'oeen  70.3  percent,  and 
was  61.8  [lerccnt.     The  glass  had  not  changed  composition.     The 
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loss  from  ZnO  was  added  to  the  individual  members  as  ZnO, 
and  the  MnO.  as  MnO._„  making  a  maximum  of  five  components 
to  each  member,  willemite,  tephroite.  zinc  oxide,  manganese 
dioxide,  and  soda  glass.  All  were  screened  through  a  6omesh 
l)eforc  mixing  and  then  mixed  three  times  through  a  20-mesh. 
The  trials   were  weighed   out  accurately   to  the  second  decimal 
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place,  and  placed  in  cork  stoppered  ijottles.  Each  trial  was 
numbered  as  shown  in  Figure  3.  Melts  corresponding  to  num- 
bers I  to  29  inclusive  were  heated  in  porcelain  crucibles  in  a 
nichrome  furnace  to  ii75°C.  in  three  and  a  half  hours.  Gas 
evolution  started  at  88o°C.  and  continued  in  the  different  mem- 
bers to  io63°C.  At  1175°.  the  furnace  burned  out.  and  conse- 
quently cooling  took  place  rajjidly.     All  the  crucibles  were  shat- 
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tered.  For  the  most  part  a  pure  glass  was  developed.  Their 
macroscopic  properties  are  given  in  Fig.  4,  and  their  microscopic 
properties  in  Fig.  5.  Trials  i  to  9  developed  a  pure  completely 
refined  glass,  with  a  beautiful  purple  color  whenever  they  con- 
tained manganese.  From  9  to  15  the  structure  was  still  glassy 
and  refined  ^°,  but  over  the  surface  of  the  glass  there  was  a  thin 
sub-metallic    coating.      Crystallization    in    the   zinc   series   begins 


"''jvs  Aif  Cs/^  SX-  H^i. 


with  glaze  16.  The  crystal  development  was  not  pronounced, 
but  the  fracture  was  granular  showing  that  devitrification  had 
taken  place.  This  crystallization  disappeared  as  the  ZnO  de- 
creased, the  MnO  producing  a  pure  glass,  sub-metallic  on  the 
surface  but  almost  pure  black  on  the  fracture,  ^'isible  cry- 
stallization begins  at  22  and  extends  to  2~,  in  the  series.     Melt 

w  Refined  refers  to  clear  glass  free   from  bubbles. 
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25  showed  the  same  glassy  rupture,  but  had  patches  of  brown 
and  purple  throughout  the  mass.  .Melt  26  showed  the  same 
tendency  to  a  greater  degree :  the  separated  products  were  very 
fhstinct  and  visible.  Melts  2-  and  28  showed  the  same  prop- 
erty, but  to  a  more  limited  extent. 

I'lider  tile  microscope  the  glasses  showed  complete 
isotropisni  down  to  number  16.  At  series  11-16,  the  glass 
seemed  to  have  thrown  oft"  some  of  the  manganese  which  was 
present  as  regularly  arranged  opaque  black  crystals.  Whether 
this  was  due  to  recrystallization,  or  to  undissolved  material  is 
hard  to  say.  The  idiomorphic  form  of  the  crystals  would  in- 
dicate recrystallization.  Those  members  along  the  manganese 
orthosilicate  boundary  were  the  ones  which  showed  this  prop- 
erty. In  those  fragments  which  contained  the  separated  sub- 
stance there  was  little  color.  It  appeared  as  though  the  cry- 
stals had  drawn  up  all  the  coloring  matter,  and  separated  out  as 
a  mass,  rather  than  difi^using  through  the  whole  glass. 

With  increasing  content  of  willemite  and  tephroite,  the  in- 
dex of  refraction  of  the  glass  increased.  At  the  point  where 
crystallization  commenced,  however,  the  index  decreased  again. 

Melt  number  16  was  the  first  member  to  show  anisotrop- 
isni.  The  crystals  were  shot  through  the  glass  in  parallel  di- 
rections in  elongated  needles.  Index  of  refraction  of  the  ordi- 
nary ray  was  1.69,  extraordinary  ray  1.71,  sign  positive,  bire- 
fringence .oiS.  Melt  17  showed  about  5  percent  crystallized 
willemite,  10  i>en.ent  separated  manganese,  and  85  percent 
glass.  .\s  the  amount  of  glass  decreases,  the  crystallization  and 
segregation  increases.  In  number  21  it  amounts  to  almost  40 
percent  of  the  material.  The  tephroite  side  showed  no  cry- 
stallization up  to  number  2(S. 

As  the  cooling  had  been  very  rapid  it  was  decided  to  re- 
melt  all  those  members  in  which  crystals  had  the  best  oppor- 
tunity of  forming.  Accordingly  from  11  to  66  were  placed  in 
small  tire  clay  crucibles,  set  in  sand  in  a  sagger,  burned  to  cone 
12  bending  in  24  hours,  and  cooled  for  62  hours.  The  macroscopic 
and  microscopic  results  are  shown  in  Figures  4  and  5. 

The  development  of  desirable  long  acicular  crystals  seems 
to  occur  best  when  the  willemite  makes  up  only  about  50  per- 
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cent  of  the  melt.  The  remaining  50  percent  may  be  a  pure  glass 
or  a  mixture  of  manganese  silicate  and  glass.  At  the  tempera- 
ture of  this  burn  no  visible  crystals  were  developed  with  less 
than  40  percent  willemite  nor  more  than  70  percent.  The  man- 
ganese seems  to  act  as  a  colorant,  and  to  take  no  particular  part 
in  the  formation  of  the  crystals.     At  the  end  of  the  series  hav- 


T^A/vs  ^/*t  Cfff 


ing  high  glass,  completely  refined  glasses  were  formed.  The 
manganese  produced  a  beautiful  color,  which  first  changed  to 
black  and  then  produced  a  superficial  coating. 

Evidence  of  immiscible  liquids  was  found  in  various  parts 
of  the  field.  ]Melt  number  25  separated  completely  into  two 
layers,  one  a  dark  purple  black,  glassy  substance,  and  the  other 
a  brown,  stony,  opaque  material.     Figure  1 1  shows  a  cross  sec- 
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tion  through  the  middle  of  the  melt.  The  line  of  separation  is 
very  definite.  The  form  would  indicate  that  the  lower  layer 
was  one  of  very  high  surface  tension.  It  had  drawn  up  nearly 
to  a  sphere.  Alelt  number  26  showed  the  same  content  of  stony 
material  hul  in  a  decidedly  decreased  amount. 

In  this  iiK-lt,  small  drops  of  the  stony  material  were  scat- 
tered through  the  nicll.  The  decrease  in  the  amount  present 
leads  to  the  belief  that  the  stony  layer  contains  the  zinc  content 
and  the  glassy  layer  the  manganese  content.  The  two  trials  pre- 
ceding 25  were  both  well  crystallized.     Figure  6  taken  from  melt 


CrvsUils     in     .\I.lvs 


^^i.  shows  their  general  structure,  h'igurc  7  shows  one  or  two 
crystals  that  had  grown  completely  out  of  the  melt.  Under  the 
high  power  lens  these  crystals  appear  as  though  they  had  liquid 
inclusion.  They  possess  hexagonal  cross  section.  Figure  8  is 
a  picture  of  the  same  crystal  under  crossed  nicols.  They  show 
parallel  extinction,  and  high  birefringence.  Judging  from  the 
shape  of  the  end  of  these  crystals  one  woidd  say  that  the  liquid 
had  high  surface  tension. 

-\t  the  high  willcmite  corner,  with  low  glass,  the  trials  be- 
came dull  and  granular.  There  was  a  slight  development  of  the 
long  acicidar  type   of   crystal,   none   on   the   surface,   but  pene- 
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Fig.   7.     Individual   Crystals   of  Willcmite 


■  I     MJJllW.iAW.y 


Fig.  8.     Same  as  Figure  7  With   Crossed  Nicols. 
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trating  the  interior  of  tlie  mass.  (See  Fig.  9).  Evidence  of 
segregation  continued  to  show  just  inside  of  the  willemite-soda 
glass  series.  The  content  of  glass  here  did  not  appear  suf- 
ficiently high  for  the  production  of  crystals.  The  crystallization 
is  very  fine,  as  though  numerous  centers  had  been  set  up,  and 
the  long  crystals  had  not  had  an  opportunity  to  develop. 

As  the  tephroite  increased  the  melts  became  more  active. 
The  walls  of  the  crucible,  at  the  point  of  contact  with  the  sur- 
face of  the  melt,  were  slagged  clear  through,  and  the  refractori- 
ness of  the  melt  seemed  to  decrease  toward  [)ure  tephroite. 

L'nder  the  microscope  those  members  which  showed  the 
most  desirable  crystal  development  at  the  surface  consisted  of 
a  glass  matrix  in  which  crystals  had  grown ;  they  were  in 
parallel  growths,  short  and  long,  thick  and  thin.  As  the  con- 
tent of  glass  decreased,  this  parallel  arrangement  was  destroyed. 
The  crystallization  occurred  in  minute  fragments,  more  like 
bubbles  or  cells.  It  appeared  as  though  with  the  increase  in 
crystallizing  substance,  crystallization  starts  at  a  great  many 
more  places,  and  the  conditions  are  not  favorable  to  the  de- 
velopment of  long  crystal  individuals. 

In  the  case  of  the  soda  glass-tephroite  series,  the  upper  end 
of  the  series  showed  complete  isotropism.  With  increase  in 
manganese  the  purple  color  changed  to  a  purple  brown.  .\t  Xo. 
20  a  separation  of  black  substance  was  noted  in  the  glass,  which 
was  hard  to  determine  whether  undissolved  or  recrystallized. 
It  appeared  to  have  a  idiomorphic  diamond  or  square  shape  and 
to  separate  in  long  branches  which  would  suggest  recrystalliza- 
tion.     (See  Fig.  10). 

On  decreasing  the  glass  along  each  series,  a  eutectic  seems 
to  develop  which  is  cryptocrystalline.  It  was  brown  in  re- 
flected light  and  a  dull  white  in  transmitted  light.  Toward  the 
willemite  end  of  the  series  this  'material  would  be  attached  to 
and  mixed  in  with  the  willemite  crystals.  At  the  tephroite  end 
the  black  idiomorphic  crystals  separated  out  up  to  number  25. 
At  this  point  they  were  accompanied  by  another  crystalline 
substance  having  an  extinction  angle  of  28  to  32°,  index  about 
1-73- 
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Along  the  lower  two  series  the  amount  of  crystallized  sub- 
stance increased  and  characterized  53.  54,  55,  63,  64.  65  and  66. 
Crystallization  was  always  accompanied  by  the  idiomorphic 
black  crystals,  resembling  magnetite  in  igneous  rocks. 

In  order  to  verify  crystal  separation  and  to  determine 
more  effectively  what  relations  exist  between  the  different  mem- 
bers of  the  system,  it  was  decided  to  determine  cone  deforma- 
tion temperatures  on  the  various  melts  as  an  indication  of  the 
eutectic  point  and  the   formation  of  deformation  maxima. 
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Fig.   9.    Parallel   Willeraite   Growth 
Radiating  From  a  Center 


One  inch  cones  of  each  mixture  were  lieated  to  their  soft- 
ening points  in  a  small  nichrome  furnace;  observations  were 
made  on  the  deformation  temperature  both  at  the  time  de- 
formation started,  and  when  it  ended.  If  the  mixture  repre- 
sented a  pure  compound  or  a  eutectic  composition,  we  would 
expect  a  very  small  range  of  deformation,  but  if  the  composi- 
tion were  in  the  field  of  a  solid  solution  the  range  of  deforma- 
tion would  be  large;  the  cone  would  pass  through  a  long  pasty 
range.  In  this  way  they  might  indicate  the  relations  of  the 
components  in  the  melt,  but  of  course  would  not  establish  them. 
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To  fix  thcni  cleliiiittly  would  require  a  series  of  (|uenching  ex- 
periments, and  a  study  of  the  resulting  crystals. 

The  temperatures  of  deformation  were  noted  on  a  platinum- 
jjlatinuni  rhodium  tlu'rmoc()U[)le.  Where  the  cone  was  too  re- 
fractory to  melt  in  the  nichrome  furnace  a  small  platinum  fur- 
nace was  used.  Figures  12.  13  and  14  and  15  show^  the  de- 
formation temperatures  for  the  whole  field,  and  for  the  binary 
systems  surrounding  the  ternary  system.  .Melt  Xo.  12  ha<l  the 
lowest  deformation  temperature;  it  is  directly  opposite  the  glass- 
willcmite    eutcctic,    and    one    removed    from    the   glass-tephroite 
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eutectic.  The  general  parallelism  of  the  lines  would  indicate  that 
the  decrease  in  glass  from  series  1 1-15  down  increases  the  refrac- 
toriness of  the  melt.  The  point  of  highest  deformation  tempera- 
ture along  the  glass-tephroite  series  was  not  at  the  corner  but  at 
No.  45.  Evidence  so  far  presented  would  indicate  the  crystalliza- 
tion of  a  manganese  oxide,  such  as  hausmannitc,  and  the  metasili- 
cate,  rhodonite,  instead  of  tephroite. 

Figure  15  indicates  the  willemite-tephroiie  curve.  The  up])er 
curve  represents  the  temperature  of  complete  deformation  and  the 
lower,  the  beginning  of  deformation.  The  result  is,  of  course, 
rough  and  merely  indicates  the  present  trend  of  the  curve.     Fur- 
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ther  work  is  to  be  done  on  this  series,  which  mav  locate  the  exact 
position  of  the  curve. 

In  order  to  verify  the  results  along  the  glass-tephroite  series 
the  members  were  made  up  again  and  studied  in  quenching  ex- 
periments.    A  series  was  made  as  follows : 

1  2  3  4  5  6  7  S  1         in         11 

Na,O.2SiO2l00    90      8o     70      tio     .jO     4ii     30      -JO     10      () 

0     10      20      ao       40      .jO      HO      70      8<t      90  Kill  I'MnO.SiOz 


Members  numbers  i  and  1 1  were  prepared  synthetically, 
heated  to  fusion  in  a  graphite  crucible,  and  the  contents  quenched. 
Correction  was  made  for  volatilization  in  the  case  of  the  tephroite. 
but  none  was  required  for  the  glass.  In  this  case  the  extra 
manganese  required  was  added  as  the  carbonate,  so  that  any 
separation  could  be  identified  as  recrystallization.  Optically 
No.  I  showed  complete  isotropism,  but  the  tephroite  could  not 
be  quenched  quickly  enough  to  prevent  crystallization.  Index 
of  refraction  of  the  soda  glass  was  1.495.  The  inde.x  of  re- 
fraction of  the  crystalline  tephroite  was  greater  than  1.75,  sign 
negative. 

Each  member  of  the  series  was  then  made  up,  fused  to  a 
glass  in  a  platinum  crucible  and  quenched  in  water.     By  using 
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a  ])latinmii  crucible  it  was  possible  to  have  the  melt  retain  its 
original  composition.  The  results  are  shown  in  Fig.  i6.  In  or- 
der to  trace  out  the  temperature  composition  curve  and  investi- 
gate the  maximum  shown  on  the  deformation  curve,  it  was  de- 
cided to  run  cooling  curves  on  those  melts  which  were  suf- 
ficiently fluid  to  allow  determinations  to  be  made.     Such  a  curve 


T/f/lf/S  /IM  CC/r-SiX.    )^Oi  Jf/X 


cf/^r/ff»^o£ 


is  shown  in  I'ig.  14.  Members  11,  10  and  y  were  the  only  ones 
which  gave  lag  points  in  their  cooling  curves.  They  were 
enough,  however,  to  show  that  no  indifferent  point  coincided 
with  the  deformation  maximum.  Those  members  which  did 
not  yield  a  lag  in  their  cooling  curve  were  held  for  from  three 
to  six  hours  at  a  temjierature  where  an  inserted  wire  conld  just 
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he  moved  up  and  down.     Results  of  the  slow  cooling  are  shown 
in   lMf(.   17. 

Slow  coolino-  great!)-  increases  the  amount  of  crystalline 
matter  formed,  h'rom  the  ojJtical  study  it  is  evident  that  the 
hlack  mineral  is  the  most  insoluble  form  of  manganese  present. 
That  comijound  of  manganese  with  which  it  most  closely  agrees 
is  the  oxide  hausniannite,  Mn.,0^  or  MnO.^klnjOg.  This  com- 
pound is  analagous  to  the  iron  oxide,  magnetite,  which  we  know 
is  one  of  the  first  substances  to  crystallize  out  in  an  igneous 
rock    magma.       Dana"     describes    hausniannite    as    having    an 


1 

r^-Jv^^*»CSff.SOCtiX. 

Jf/jr 

F'C  /S 

^/?A/CU.£? 

~. 

^^ 

^ 

9*fJ^aS/776 

s 

N 

\. 

\ 

\ 

^ 

\ 

\J 

\ 

^       ■ 

\ 

\ 

\ 

y 

/ 

y^' 

ei70SiCj 

\ 

1 

^ 

/ 

Z*'^£?S/<7^ 

^       J 

;              J 

J! 

0            t- 

c                7 

a? 

0               s 

X?                 /OO 

octahedral  habit  with  characteristic  crystals,  brownish-black 
color,  and  is  found  in  veins  of  porphyry.  Doelter '-,  in  de- 
scribing the  synthesis  of  tephroite,  speaks  of  its  occurrence  ac- 
companied by  hausniannite  and  rhodonite.  This  would  suggest 
hausniannite  as  the  black  mineral,  and  in  the  absence  of  any 
evidence  to  the  contrary  we  have  called  the  mineral  hausman- 
nite. 

In  the  slowly  cooled  mixes,  hausniannite  was  developed  in 
No.  3,  and  showed  an  increasingly  large  development  up  to  the 
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last  member.  When  quickly  cooled,  however,  there  was  no 
evidence  of  haiismannite  until  Xo.  7  was  reached.  Tephroite 
in  the  slowly  cooled  melts  developed  first  in  Xo.  8.  and  in  the 
quickly  cooled  melts  in  Xo.  9.  Froin  such  data  one  may  con- 
clude that  hausmannite  is  the  most  insoluble  form  of  man- 
ganese in  a  silicate  fusion ;  that  rhodonite  forms  when  the  mass 
has  an  opportunity  of  accumulating  more  silica,  and  that 
tephroite  forms  last  from  the  fusion. 

The  following  conclusions  may  be  derived  from  the  results 
obtained  : 

(  I  )  —  The  conditions  which  is  most  conducive  to  the  de- 
veloiiment  of  the  commercially  desirable  crystals  of  willemite 
is  the  presence  of  .about  50  percent  willemite  and  50  ]jercent 
glass  in  w'hich  the  crystals  can  grow. 

(2) — Higher  amounts  of  willemite  produce  small  imde- 
veloped  crystals  with  few  or  no  large  desirable  crystals. 

( 3 )  —  Crystallization  from  a  silicate  fusion  containing 
manganese  is  not  so  definite  as  from  one  containing  zinc.  Three 
compounds  of  manganese  are  produced :  (  i  1  hausmannite,  ( 2  ) 
rhodonite,  {3)  tephroite.  .  ^^"hen  the  mass  is  free  to  attack 
siliceous  material,  rhodonite  is  usually  formed  instead  of 
tephroite.  Hausmannite  is  the  first  to  form,  and  seems  to  be 
the  most  insoluble  in  the  silicate  melt. 

( 4 )  —  With  long  heating  at  a  temperature  of  moderate  vis- 
cosity, the  development  of  hausmannite  is  greatly  increased. 

(5) — The  evidence  obtained  from  the  deformation  of 
cones,  and  from  the  occurrence  of  immiscibility  indicates  a 
limited  isomorphous  crystallization  along  the  willemite-tephroite 
line.  However,  no  definite  conclusions  can  be  drawn  from  these 
few  facts.  Later  work  is  to  be  done  which  we  hope  will  com- 
plete this  binary  system. 

FIGURE  10. 

Microscopic  Investig.ation  of  the  Quickly  Cooled  Series   Son-\ 
Gl.\ss  —  Tephroite. 

2     Deep   violet   glass.      Powder   a   light   purple   color   well   disseminated. 

Fracture  show  Mn  color. 
.3     A  dark  purple  much  stringier.     Still  glassy.     High  viscosity.     Powder 

darker  than  2.     Still  purple. 
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Not  homogeneous  color.  Parts  are  a  dark  brown  and  yellow.  Some 
purple.     Powder  is  lighter  in  color. 

Dark  and  stringy.    Slivers  show  brown  purple.    Color  black.     Powder 
is  a  dirty  brown,  deeper  than  4  with  more  brown. 
Pilchy    brown    like   resin.      Stringy.      Powder    is    a    yellowish    white. 
Similar  to  powdered  pitch. 

Same  color  as  6.  Stringyness  gone.  Glassy.  Powder  darker  than 
(i  yellowish  white.     Some  dark  places. 

Glass  appeared  a  jet  black;  a  dark  brown  on  fractures.  Gives  a 
dull  brown  surface  in  spots.  Powder  is  darker ;  very  sharp  change. 
Surface  becomes  a  dull  brown  with  some  jet  black.  Has  slaggy  ap- 
pearance. P<iwder  a  darker  chocolate,  but  same  appearance. 
.■\  dull,  dark  l)rown.  Slaggy.  Xo  stringyness.  Powder  same  as  9, 
a  dark  chocolate  brown. 

Dull,  metallic  slag.  Hard.  Xo  viscosity.  Hard  to  melt.  Powder  is 
coffee  brown,     .^cted  more  as  a  metal  than  a  glass. 

FIGURE  lU-.\. 

MlCRO.SCOPIC    li\VESTiC.\TIO.\    OF    THE    QuiCKI.V    CoOI.ED    Sf.RIES    Sor).\ 

Gl.^ss  —  Tephroite. 

Completely  isotrophic  glass,  a  delicate  violet  color,  with  index 
refraction.     1.51.     Particles  angular. 

Isotropic;  deeper  purple  but  homogeneous.  T.  r.  =:  1..5.3.  .Angular 
fragments.     No  crystalline  properties. 

Color  not  uniform.     Purple  is  5  percent.     Remaining  glass  is  color- 
less, isotropic  in  nearly  all  cases.     Segregation  of  color. 
All  colored  a  dark-brown  purple ;  color  well  distributed.    One  or  two 
brown.     Xo  cyrstallization.     I.  r.  =  1.54. 

A  light  greenish-yellow  with  1  or  2  percent  of  dark  brown  pieces. 
Mostly  colorless.  Glossy  fracture.  Isotropic.  Inde.x  high.  =  1.5t). 
Yellowish  green ;  a  few  dark  ones.  Showed  separated  MnsO,.  First 
sample  to  show  separated  crystals.     Index   1 .57. 

A  rich,  dark  brown  with  some  hausmannite.  Color  disseminated. 
Glossy  structure.     Index   1.57. 

Abundant  liausmannite ;  some  glass;  distinct  crystallization  but  small 
particles.     Xegative.     Index   high.     First   crystallization    found. 
Large  amount  of  hausmanite.     Lots  of  crystallized  material  of  high 
index.     Xo  glass.     Either  hausmanite  or  tephroite. 
.All  crystallized.     Hausmanite,  and  tephroite.     Mostly  the  hausmanite 
surrounded  with  tephroite. 
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FIGURE  17. 

Microscopic   Investigation  of  the  Quickly  Cooled  Series   Soda 
Glass  —  Tephroite. 

-  Heated  as  high  as  990°  and  held  for  oVi  hours.  Sticky  at  770° ;. 
floued  together;  got  softer  up  to  890°  where  it  easily  formed  cords. 
Very  sticky.  Quenched  after  oj/j  hours  to  a  light  transparent  glass, 
of  a  dark  purple  color.  Powder  a  light  purple.  In  microscope 
showed  a  light  purple  glass  almost  colorless.  Homogeneous.  Iso- 
thropic.     No  sign  of  crystallization.     Index  =  1.53. 

3  Heated  up  to  900°  and  held  for  3^  hours.  Sticky  and  viscous  at 
860°.  Threads  were  a  dark  purple.  Showed  no  evidence  of  crys- 
tallization. Quenched  to  darker,  brilliant  purple  glass ;  hard.  Powder 
a  light  purple  slightly  darker  than  '2.  In  microscope  showed  a 
purple  glass  with  only  a  few  traces  of  hausmanite.  Mostly  a  purple 
glass  index  =1  1.55. 

4  Heated  to  890°  and  held  for  4  hours.  Soft  and  sticky  at  730". 
Fragments  had  not  lost  their  shape.  Drawn  out  into  threads.  Soft 
at  890° ;  not  so  sticky.  Quenched.  A  brilliant  dark  purple  glass. 
Powder  a  brown  purple.  In  microscope  a  purple  glass  but  pene- 
trated with  small  amounts  of  H.  The  slower  cooling  has  increased 
the  separation  of  H.     For  so  small  an  addition  crystallization  is  large. 

5  Heated  tO'  900°  and  held  for  3  hours.  Was  soft  as  low  as  730°  and 
viscous.  When  quenched  from  9IMj°  the  particles,  although  very  soft, 
had  not  lost  their  shape.  Quenched  to  a  jet  black  glass,  brilliant 
in  places,  dull  in  others.  Has  glassy  look.  Powder  a  dark  purple. 
In  scope  a  purple  glass  preponderates.  Nearly  all  particles  have  parts 
of  H  imbedded.  Skeleton  growth  common.  Some  pieces  pure  black. 
Development  rather  good. 

6  Heated  as  high  as  1000°;  held  at  900°  4  hours.  Was  soft  at 
780°  and  sticky;  remained  viscous  up  to  1000°.  When  quenched 
particles  had  not  lost  form.  Brown  color  like  coffee  grounds.  Hard 
and  cindery.  Powder  a  dark  brown.  In  scope  purple  glass.  H. 
present  in  large  amounts.  Not  so  well  developed.  No  sign  of  T. 
Where  H.  has  not  formed,  the  color  is  a  dark  purple ;  where  it 
has  a  light  purple.     H.  is  most  insoluble. 

7  No  lag.  Heated  to  1100°.  Held  at  870°  for  4i4  hours.  Softened 
at  800°.  Retained  form  up  to  1000°;  sticky  and  viscous.  Flowed 
at  1100°.  Quenched  to  a  purple  vitreous  material;  not  glassy. 
Powder  a  light  brown.  In  scope  was  a  glass  with  a  large  amount 
of  H.  but  a  very  small  amount  of  T.  Glass  is  purple.  Some  bubble 
formation  of  T,  but  sample  was  mostly  glass  with   imbedded   H. 
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No  lag.  Hard  at  920°,  Held  at  O.jn^  for  2  hours.  Wire  would 
just  penetrate  and  stuck  fast  when  left  in  it.  Quenched  to  a  dark 
purplish  brown  with  a  vitreous  luster.  Hard.  No  indication  of  a 
glassy  nature.  Powder  a  brown.  In  scope  mostly  glass  in  which  H.  is 
imbedded.  Some  T.  but  only  grains  or  centers  with  no  large  de- 
velopment. H.  ideomorphic  glass  a  purplish  brown.  Crystals  are 
small. 

Cooling  curve  shows  lag  at  1090°.  Held  at  1070°  for  2  hours  and 
quenched.  A  dark,  vitreous  brown.  Hard.  Has  a  slightly  higher 
vitreous  luster  than  10.  Powder  a  light  brown.  In  scope  more  glass 
than  10,  more  id.  H.  and  long  bubble  forms  of  T.  than  in  8.  Are  not 
developed  solidly  as  in  10  and  11.  Glass,  a  dark  brown,  acts  as  on 
imbedding  material  for  the  crystallization  of  these  substances. 
Lag  at  1K^()°.  Held  at  this  temperature  for  1  hour  and  quenched.  .^ 
dark  brown  submetallic  luster.  Powder  a  dark  brown.  In  scope 
some  glass  with  interpenetrating  crystallization  of  H.  and  T.  T. 
crystallizes  like  drops  of  oil  in  the  glass.  H.  has  id.  form.  Abund- 
ant dark  brown  glass.  Glass  has  index  less  than  1.75.  Mineral 
greater  than  1.7.")  branched,  diamond  shaped  and  rectangular  growths 
of  H. 

Lag  at  1220°.  Held  here  for  1  hour  and  quenched.  A  dark  brown- 
black,  vitreous,  hard  substance  with  homogeneous  brown  granular 
appearance.  Powder  is  a  dark  brown.  In  scope  a  large  amount 
of  idiomorphic  H,  in  a  dark  glass.  In  similar  fragments  will  be 
found  T.  and  H.  crystallizing  together.  Little  glass,  large  amount 
of  H..  and  most  T.  in  any  member. 

H  =;  hausmannite. 
T  ^  tephroite. 
Scope  =^  Microscope. 
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